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PREFACE 


September  19^0,  the  Mississippi  River  Coinnission  initiated  a 
general  study  of  the  phenomena  of  underseepage  and  its  control  along 
JjXtfev  Mississippi  River  levees*  This  study  was  prompted  by  the  occurrence 
of  teavy  uiMierseepage  and  sand  boils  along  numerous  reaches  of  these  levees 
during  the  1937  flood. 

Since  initiation  of  the  study  in  19^0,  numerous  investigations 
relating  to  the  problem  of  imderseepage  and  its  control  have  been  made. 
Kiese  studies  have  included  a review  and  con^iilation  of  all  \inderseepage 
reports  made  during  and  since  the  I937  high  water;  exploration  and  geologi- 
cal studies  of  numerous  sites  where  xmderseepage  was  a serious  problem  in 
d937i  installation  of  piezometers  at  selected  sites  to  naasure  substratum 
pressures  beneath  and  landward  of  levees;  field  pumping  tests  to  determine 
the  permeability  of  the  sand  aquifer  at  certain  sites;  theoretical, 
electrical-analogy,  sand  nx)del,  and  prototype  studies  of  relief  wells, 
partial  cutoffs,  and  laMside  berms  for  the  control  of  underseepage;  aM 
observation  and  measiirement  ox  natural  seepage  at  certain  locations  durjng 
the  1950  high  water.  ^ 

The  studies  and  data  presented  in  this  report,  arc  the  result  of  ths: 
combined  efforts  of  the  Menphis,  Vicksburg,  and  Ifew  Orleans  Districts  and 
the  Waterways  Experiment  Station,  under  the  general  direction  of  the 
Mississippi  River  Conmission.  Previous  underseepage  records  were  com- 
piled by  WES;  field  explorations  were  made  by  WES  and  the  above -mentionf.’ 
Districts;  and  the  piezometer  systems  were  designed  by  WES  in  coUanora- 
tion  with  the  Districts.  The  Districts  installed  the  piezometers,  per- 
formed most  of  the  laboratory  tests  except  for  certain  sites  in  the 
Menqshis  District,  made  the  basic  maps  and  topographic  surveys,  anH  read 
the  piezometers  during  high  water.  The  natural  seepage  at  several  sites 
was  nsasxured  by  the  Districts  under  the  direction  of  WES.  The  nx)del  and 
theoreticail  studies,  pumping  tests,  studies  of  prototype  control  methods, 
and  preparation  of  this  report  were  accomplished  by  WES. 

Engineers  actively  connected  with  the  investigation  beginning  in 
19^0  and  through  19^3  were  Brig.  Gen.  Max  C.  Tyler,  CE,  fors^r  ihesident, 
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MIC;  Prof.  A.  Casagnmdft,  foundation  engineer  consultant;  Prof.  S.  J, 
Bucbanan,  formerly  of  fae  !®C;  Brig.  Gen.  K.  E.  Fields,  CE,  forj^rly 
Director,  WES;  Mr.  Willian  Wells,  formerly  of  W^;  Messrs.  W,  J. 

Turnbull  and  C,  I.  Hans-'ir,  WK;  Jii*.  J,  B.  Eustis,  formerly  of  WES;  and 
Dr.  H.  H.  Fisk,  geological  consultants  In  194?>  a Ccsiittee  on  Di^er- 
see^ge  for  the  ISC  vas  appointed.  Siis  casnittee  consists  of  Messrs. 

W.  J.  Turnbull,  Cl^ir^n,  KES;  (A.  L.  Aldridge  formerly  represented  ilie 
ISC);  J.  W.  Black,  Memphis  District;  A.  C.  Williams,  Vicksburg  District; 
H.  A.  Hue^ann,  New  Orleans  District;  and  C.  I.  Mansur « W^.  Otiisr 
engineers  in  the  Districts  actively  connected  with  the  installation  and 
reading  of  piezcmatcrs  and  measuTs^nt  of  fieepage  are  Messrs.  J.  M. 
Pollock,  C.  E.  Grir^s,  and  R.  V.  Bankston,  dbe  project  engineer  in 
charge  of  the  studies  made  by  WK  since  IS’fl  was  Mr.  C.  I.  I&nsur. 

die  data  were  analyzed  and  this  report  prepared  by  Hr.  Mansur 
assisted  by  Mr.  R.  I.  Kaufman,  W^,  and  Dr.  J.  R.  Schultz,  formerly  of 
WES,  tinder  the  general  st:roei*vision  of  Mr,  Turnbull.  Other  engineers 
and  geologists  connected  with  th©  study  at  one  time  or  another  were 
Messrs.  W.  G.  Shockley,  T.  B.  Goode,  C.  R.  Kolb,  H.  B.  Steinreide,  Jr., 

P.  R.  Kabrey,  WES;  also,  W.  F.  Jervis,  S.  J.  Johnson,  J.  A.  Focht,  Jr 
and  William  Heady,  all  formerly  of  WES. 
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A Si^face  area  In  'which,  seepage  emerging  landward  of  a 
leVee  is  iteeisured 
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Well  spacing 
Blip's  creep  ratio 
lane's  veighted  creep  ratio 


A cons'taht  for  natural  'top  s'tratum  •where 


Cg  Cons'tant  for  riverside  "blanket 

Cg^  Cons'tant  for  riverside  "blanket  and  natural  riverside 
•top  stratm 

D Thickness  of  pervious  subs'tratum 

D Transformed  thickness  of  perviotis  substratua 

Grain  size,  n per  cent  of  grains  smaller  than  stated 
sl^e 


Effective  grain  size,  10  per  cent  of  gredns  smaller  than 
stated  size 


d Effective  •thickness  of  pervious  subs'tra'tum.  Depth  of 
cutoff  in  fomailas  for  partial  cutoffs 


d^  TMckness  of  each  stratum  comprising  pervioixs  substratum 


Transformed  thickness  of  each  stratum  comprising  pervious 
substratum 


EL^,  EI^  The  extra  length  of  pervious  substra'tum  corresponding  'to 

the  increased  resistance  'to  flow  ia-to  a drainage  trench  as 
compared  -to  flow  into  a fully  penetrating,  open,  vertical, 
drainage  face  at  -the  location  of  the  'trench 

e Void  ratio  of  soil,  or  base  for  natural  logarithms  s 2.7^ 

e„  Katural  "void  ratio  of  soil 

n 

P Factor  of  safety  against  uplift  at  landside  -toe  of  levee 

G Ratio  of  flow  from  a partially  penetrating  well  to  that 
from  a fully  penetrating  artesian  well;  specific  gravity 

Preceiine  pin  Uink 
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H*  Total  net  bead  on  levee,  or  height  of  flood  stage  above  average 
low-ground  svurface,  or  tailwater,  landward  of  levee 
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Average  head  (net)  in  plane  of  relief  wells 

Head  (net)  beneath  top  stratum  midway  between  relief  wells 

Heaid  (net)  beneath  top  stratum  midway  between  wells  in  an  infinite 
line  of  wells 


L Head  (net  ) beneath  top  stratum  midway  between  wells  at  center  of  a 
finite  line  of  wells 


H^  Total  head  loss  in  a well  including  elevation  head  loss 
h Effective  (net)  head  acting  on  a line  of  relief  wells 

h Allowable  (net)  head  beneath  landside  top  stratum 

1 Average  head  (net)  in  plane  of  relief  wells  measxnred  above  H 

h^  I-laximum  possible  (net)  head  beneath  top  stratum;  heaid  at  which  up- 
ward gradient  throu^  top  stratum  is  equal  to  critical  gradient 

h^  Head  loss  through  filter  and  well  screen 

h-  Friction  loss  in  well  riser  and  screen  = h^  + h 
f r s 

hjjj  Head  (net)  beneath  top  stratum  midway  between  weUs  measxnred  above 

\ 

h^  Head  (net)  beneath  top  stratum  at  landside  toe  of  levee  (without 
seepage  control  measures)  assuming  top  stratxmi  capable  of  with- 
. standing  such  a head 

h‘^  Head  beneath  top  staratvaa  at  landside  toe  of  levee  (measured  ebovs 
natxnral  ground  sxnrface  or  tailwater)  with  a landside  seepage  berm 

h Friction  loss  in  well  riser  pine 
r 

h Friction  loss  in  well  screen 
s 

hy  Velocity  head  loss  in  relief  well 

h^  Head  (net)  beneath  top  stratxim  at  distance  x landward  trom  land- 
side  ^e  of  levee;  average  he^  beneath  area  A In  which  seepige 
was  measxnred 
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Net  head  above  ground  sxnrface  or  tailwat«  at  tine  sand  boils  or 
' heaving  of  top  stratxim  occxnrs 
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Drawdora  below  wat^  table  during  a puE5)ing  test  at  distances  r, 
and  Tg  , re^ctively,  from  test  well.  Substratum  heads  (eObove"^ 
groxihd  surface)  at  two  piezometers  Oh  a line  pern^ndithilar  to  the 
levee  at  distances  -L  and  , respectively,  ft’om  landward  toe 
of  levee 

Difference  ih  substratm  head  between  two  piezometers  on  a line 
perpendicular  to  levee 

Percentage  of  ir^jerviousnesc  of  an  area  expressed  as  a decimal 
Upward  gradient  throu^  top  stratum  landward  of  levee 
Critical  upward  gradient  throiigh  top  stratum  landward  of  levee 
Allowable  upward  gradient  at  landside  toe  of  levee 
Allowable  upward  gradient  at  tOe  of  landside  seepage  berm 
Complete  elliptic  integral  of  first  kind 
Coefficient  of  permeability 

Permeability  of  a pervious  stratum  after  transforming  substratum 
to  an  isotropic,  homogeneous  stratum 

Coefficient  of  permeability  of  entire  transformed  pervious 
substratum 

k for  an  individual  stratum 

Vertical  permeability  of  ar  xficiad.  riverside  blanket 

Average  combined  vertical  permeabilily  of  riverside  natural 
top  stratum  and  artificial  blanket 

Vertical  permeability  of  top  stratijm 

Vertical  permeability  of  top  stratum  landward  of  levee 

Vert.-*  cel  permeability  of  top  staratum  riverward  of  levee,  par- 
ticularly that  in  riverside  borrow  pits 

Permeability  of  pervious  foundation 

torizontal  psrmeabi3Lity  of  a pervious  stratum 

Horizontal  permeability  of  individual  stratum 

Permeability  of  a remolded  soil  sample  as  determined  from 
laboratory  tests 
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V^iical  psEefitoilil5  c*"  .^dside  see^ge  b^rm 

k^  V^tic^  a perilous  stratum 

^ Vertical  j^eablUty  of  mavldual  atrata 

Width  of  riverside  borrow  pit  and/or  required  length  of  artifi- 
cial riverside  blanket 

L leisgth  of  a sublevee  basin  in  ft  measured  along  length  of  levee 

Distance  from  riverside  toe  of  levee  to  river 

Base  width  of  Iwee^  and  berm  if  present 

Lj  landward  (effective)  extent  of  top  stratum 

Distance-  between  two  piezemeters  installed  on  a line  perpendicu- 
lar to  the  levee 

Respective  distances  from  landside  toe  of  levee  (or  berm)  to 
piezometers  1 and  2,  installed  on  a line  perpendicular  to  tbe 
levee 

M Slope  of  l^draulic  grade  line  at  mid-depth  of  ]^rvicus  substratum 
beneath  the  levee 

Slope  of  hydraulic  grade  line  in  ^rvious  substeatum  at  landside 
edge  of  (surface)  area  A 

^ Ket  seepage  gradient  toward  a line  of  relief  wells 
n Porosity  of  soil 

P Head  (net)  beneath  top  stratum  midway  between  wells  (same  as  H^) 

Q Well  or  seepage  flow  p^  unit  length  of  levee 

5^  Rate  of  seepage  flow  per  unit  length  of  levee  eserging  in  (surface) 
area  A 

^ Sewage  fhjw  into  free-draining  berm  per  unit  length  of  levee 
^ Rainfall  runoff  into  sublevee  basin 

a itotal  seepage  flow  (with  or  without  wells)  per  unit  length  of 
levee  per  unit  of  time 


Seepage  flnw  into  sublevee  basin 
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Ratural  see^ge  :e2sefging  lamfifard  lOf  a.  line  cf  relief  ■wells 
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®jtal  dlBcl^ge  over  velr  in  sublevee 

Flw  tiqm.  & single  relief  well,  per  tinit  of  time 

O),  Weil  flow  1(^  ft  of  levee 

4 Well  or  sewage  flow  in  gpm  100  ft  of  levee  as  deternined 
ln»Bod^  s'&dies 

Ri  Mmtaga-avCTage'rate  of  rainfall  o'vsr  ^ area,  in  inches  per 
ho^,  o'ccuTOing  dxiring  time  of  concenfeation 

r Ratio  of  alit  jBle  vSward  gradient  thfou^  top  stratum  at  -toe 
of  levee  -to  i'i&t  at  tee  of  seepage  hern  = 

r^  Effective  radius  of  a relief  well 

rg  Radial  distances  froa  a test  well 

s Distance  from  landafde  toe  of  levee  (or  hem)  to  effective 
source  of  seepage  entry 

t Required  -thickness  of  landside  seepage  hem  at  -toe  of  levee,  and 
height  of  ■water  in  sublevee  basin 

W Effective  length  of  well  screen;  penetration  of  well  screen  in-to 
pervious  aquif^  e^qpressed  as  a decimal;  base  -width  of  levee  in 
formulas  for  partial  cu-toff s 

H Actual  length  of  well  screen 

X Wid-th  of  landside  seepage  hem  or  sublevee  basin 
Xj  Width  of  impervious  seepage  berm 

!gp  Width  of  smip^ndouB  seepage  berm 
Xg  Width  of  sand  seej»ge  hem 

Xp  Width  of  pervious  seeiage  hem  collector  ^stem 
X'  Distance  in  ft  from  cen-ter  line  of  levee  to  lai^ide  sublevee 


X Effective  length  of  riverside  blanket  required  to  reduce  h 
^ O 


Effective  length  of  blanket  rivCTSide  of  levee 

Distance  trom  landslde  toe  of  levee  (or  bem)  to  effective 
se^^e  exit 

Ibtal  thickness  of  top  sta:a.tir3 

Ohiekness  of  artificial  riverside  blaiflcet 

Tot^  effective  lliickness  of  natural  and  artificial  river- 
side top  stratus 

Irafisfom^  thickness  of  top  stratiei 

Effective  thickness  of  top  stratus  lai^vard  of  levee 

Effective  thickness  of  top  stratus  rtvarward  of  levee,  |ar- 
ticularly  that  retaining  in  riverside  Ixirrov  pit 

Critical  thickness  of  ler^iside  top  staatasa 

Tnickness  of  individual  strata 

Average  \;^lift  factor  for  a lits  of  relief  wells 

Mid-point  uplift  factor  for  a Hm  of  relief  wells 

Bie  slxartest  vertical  leith  of  seepage  flew  aroxmd  a ]^rtiel 
cutoff  beneath  a levee 

Subaergei  unit  weight  of  soil 

Subyergei  unit  weight  of  seepage  bexs 

Submerged  unit  weight  of  landside  top  stratus 

Uoit  weight  of  water 

Iftjllf t factors  in  fonailas  for  design  of  landside  drainage 
trenches 


Sbara  factor,  the  ratio  in  a flow  net  of  the  mn^er  of  flow 
channels  to  nunbor  of  ecuipotential  drtg^  fnm  the  see^ge 
sowce  to  edit 


Seejage  and  sm^  Tsoils  lajads/aM  of  Mississippi  River  levees  teve 
been  & prdblim  dnri%  cajcr  higb  vaters.  After  tte  1937  water,  the 
liississix^i  River  Cmnission  initiated  a general  aUdy  of  ai^erse^^ge 
and  various  i»t!K)ds  d£  its  eontrol.  Its  ^»cif  ic  ^paposes  were  to  de- 
velop a bett»  uMerstandlng  of  the  plsncsei^  of  seepa^  beneath  levees 
and  of  factor^  iTrnispne-ing  ui^tersee^;^,  cA>taia  isfoTsa.tixm  w^ald 
K2ke  ^fessible  a ratiorv*.!  analysis  of  underseepage,  and  to  sfeidy  control 
oetd^ote  and  develop  foroilas  aai  criteria  for  tlsir  design, 

stages  ba^  indued  a cgroilatida  of  ^st  underseepa^ 
expiration  and  geological  studies  of  bsesstcus  sites  rf^re 
uiKtci^epa^  was  a serious  prdtlea  in  1937i  installation  of  piez<ssters 
at  selected  sites  to  seasure  substratsa  pressures;  field  pjrping  tests 
to  detemixie  the  ^n^abilily  of  the  sand  ^uifer:  ttscreti^l,  astel, 
and  pfr>toty^  studies  of  relief  wells,  partial  cusotSSf  arri  iar^ide  bers 
for  ^ntrollisg  undersee^^;  and  observation  as,  ^assjares^at  of  mteral 
secpa^  durir^  tte  1^5  hl^i  water. 

At  several  levee  sites  detailed  sts^tes  wore  snde  to  detemlre  tte 
surfare  geolc^,  cbaracteristics  of  top  stretas  aM^  pirvic^  f ouniatioa, 
and  relations  riveiward  of  id*:  leree.  Mnes  of  piezoaatere  were  in- 
stalled to  deternine  tte  hydraulic  gradient  beneaUi  tte  levee,  distance 
to  tM  effective  stmrre  of  seerege  entry  aid.  exit,  io'drostatic  head  at 
landside  levee  t«*  at  vari<«is  river  stages,  aid  hydrtjstatic  head  required 
to  cause  rerd  boils.  A relief  veil  ^sten  mas  installed  at  ore  site  to 
detereire  tte  feasibility  aid  effireiy  of  relief  wells  for  reducli^  sub- 
strateEs  pressures  and  controlling  uiderseerege. 

Enxs  tteoretical,  sdel,  ard  prototype  sbdies  it  was  concluded 

tl^t: 

a.  Said  boils  aM  sresurfare  piping  along  Mississippi  W.rer 
levees  are  tre  result  of  exress  l^drostatic  pressure  aid 
seerege  terdugh  deep  pervl^is  strata  inderlyii^  tte  lerees. 

severity  of  uiderseere^  is  pendent  upsa  tte  tere.  on 
levee,  sewree  of  seej^^,  pervi<xi5ress  of  sifljstratoo,  and 
characteristics  of  tte  lardside  tep  stratias, 

b.  Stere  is  a refinite  correlation  tetsaien  airfare  ^ology  aid  tte 
location  aid  occurrence  of  underseere^  ate  sard  teils, 

c.  Se^»ge  flar  and  l^drostatic  heads  laterate  of  a levee  res  be 
estlreted  fttxi  seerege  forailas,  ate/or  piett^stelc  data,  ate 

a ton/led^  of  riveriiard  ate  laidwote  freteittion  cljaracteristic 

d.  Pioaireter  reading  obtai^d  durl^  high  Wicr  raovide  best 
data  for  deteraining  sre^ge  souree  ate  exit,  ate  predicting 
see^ge  ate,  l^drostatic  teads  at  a poject  fLote. 


e.  Renorml  of  the  mtursl  top  blantet  rd'^OTsrd  "by  iac<sife«Iled 
borr&ir  op^atic^  has  aggr^ated  12^  tr^erse^^ge  prc^lm 
alc^  Mississippi  Riv^  lev^s-  Except  vbsis  clay  se»tfal 
feet  thick  *was  left  in  ^ace,  isMS  soaste  of  se^s^  vas  In 
the  tiirsisiSe  oarras  pits. 

f . peme^ility  of  laixiside  top  stratm  is  reXated  to  the 

~ ty^  of  soil,  its  thickness,  aM  the  ^esei^  of  ntnate  fis- 
sures and  holes. 

g.  ae  ^rsssbility  of  the  pervious  stibs*xat»2i  in  Mis- 

sis^^i  YsUey  xange^  frtm  elKxit  to  1^)  x 10"^  cn  per  sec 
it  is  best  deternir^  free  tests  bat  can  be  appixsxi- 

reassmably  accseately  fr^.  a corr^atica  betsrsen  R,-  atf 

“f* 

h.  Ifcd^see^^  can  be  ewtroUed  by  prt^rly  eesigs^  am  cm- 
strEpted  Jsi^siie  sewage  mms,  relief  wells,  am  riwttside 
blarisets. 

As  a reRd,t  of  these  sttdies,  it  is  reccemndes  teat:  levees 

in  Ik^iis,  Tickteuza?  Orleans  Districts  'te  imesti^ted 

with  regerd  to  aaderseepa^,  using  tte  techaaiqaes  described  in  this  re- 
porti  UEflersee^ge  ccatroL  seasures,  iitere  reeded,  be  emstrtset^  and 
mlstaimdj  ^ologitel  aM  soil  emditims  hawing  a luring  <ga  uMer- 
seepege  be  emsidered  in  Imatlsg  new  levees;  and  ct^iisaste  be  takes 
Gt  tee  effect  of  t^ratims  m umsse^^ge  when  designing  levees. 


KmSi!«I5SISSI®I  Rifa!  ISCTS 


PAH?  I: 


1.  Se^^ge  exrsSns  laadwaM  or  levees  Sn  fora  of  uoUtt 
tiat  actively"  pi^  mterial  pooes  e -Uireat  to  tl»e  levees'  safety  ecring 
periods  of  Bigi  water.  SaM  boils  and  piping  d^aasg  hiA  flceri,  stages 
are  resalt  of  e^cssi*^  Bjfdrc^tetic  pressure  ai^  se«egs  tsrssffl  deep 
l^rv&ts  s^eta  isaSlyin^  levees  la  allir^al  veOIi^. 

vaen  <^:bii^  vith  ttrougp  feepage^  ray  also  se^rrate  gpi  reduce  the 
staWliiy  of  Isiaside  slr^  of  a levee. 

2.  ^ crevasse  of  le^r  ftt^issiipi  Riv^  levees  have  pM- 

itiwdy  attrltmt«^  to  saad  'tells  cr  pipisg  since  4.923.  terever^  a fsllttrg 
at  Iteisi^m,  ia  l^S  is  telicvte  to  bave  been  tts  xesalt  of 

uteer^pcerd  piping^  sod  stteurfece  piping  slar^t  esosed  a levee  creva^ 
at  GresiviUe,  Mississi|pi,  la  1929*  Sja^sssive  swrpage  sad  sate  hcfils 
^rcurred  alosg  aiaex^s  of  tss  Icwt  Kisslssiipt  River  levee; 

during  the  flood  of  1^7*  Sidsegt^tiy  may  of  ttese  Jjs^is  i«re  ea- 
laigte  ate  Isteslde  stepage  teres  stelcvms  vore  ccBstrmtte  at 

kmva  critiml  se^^^  areas.  Bemver,  these  term  «te  stelaia^ 
mre  dteig^es  (1937-^)  Httis  infnmtim  ms  avail  able  ra^irdlJig  tte 
csarasteristlcs  of  fcm^tica  soils,  relaUm  ©»lcgicsal 

Itet^es  ate  imders^TOge,  or  ratlcml  for  aaalyaSag  s^»urfam 

see^^,  Secaise  of  teis  ’ Mk,  tte  Mississi^l  Wver  (tetessim,  ia 
tepte^’CT  1^0,  iaittated  a ^mral  sttey  of  taderse*^^  ate  ite  oata»l 
alxng  Io%sr  Mississimi  River  levees. 


nxse  of  St?^ 


3.  tte  tesic  ptaposia  of  tte  Jnvesttmtics  «re  (1)  te  dewls^  a 
tetter  i^ersteteiog  of  tte  of  se^^ge  ^u^ata  levees  of 

tte  factors  that  tofl^Ke  irterse^*^,  (2)  to  tetaia  Infoimt^n  that 
^□1  mte  pmsihle  a mtlmal  analysis  of  irderse^p^,  ard  (3)  "to  sttey 


of  i^erse^gs  ccateol  ard  devel<^  fcnsdos  ai^  criteria  for  tt^ir 


^se  ^aiific  rerspcses  of  tbc  stody  vere  to: 

l^*±ew  31^  ctesile  all  osderseepage  ai^  crcvas^  data  for 
tJ^  Xoiser  liicsissitrpi  River  Icvees- 

l^tersii^  'Ua:  cauoe  of  sad  toils  cod  correlate  geological 
and  soil  ccs:diti<^  vith  tbe  ccciErrence  of  tderseetsge. 

c.  INiterdRe  tbe  ©oology,  tl^  thickness,  ad  perssability 

of  the  t<^  stratus,  ad  tbe  depth  sod  ^rzs^tUxi'  of  ttie 

substrates  at  sites  ccasidered  typical  of  cadi- 
tdos;  cxistiiss  al^:g  Lower  Kississij^i  River  levees,  ad  tte 
isfloexc  of  these  feature:  os  seepage  flow  ad  subs&atur 
pressures . 

d.  ISeasore  tbe  li^dr^tatic  pressure  in  the  perviO'^  sxbstrata 
bata^ad  sd  Icdwsrd  of  levees  during  hig^  water  at  sites 
vith  different  i^pes  ad  tb5c!rr.ecscs  of  -top  strata,  ad 
tsas  piesoaeter  rcdiiigs,  estirate: 

(1)  Bisdsse  to  "effective"  source  of  seejagp  entry, 

(2)  Pistsscc  to  "effective^  st^3ge  exit. 

(3)  Satetraes  ^i^^stnres  at  project  flood  stagi:. 

(%)  Ratio  of  gcrsaeability  of  tbe  fo'.datica  to  ix^  strsfers. 
(5)  l^ns:rd  grdieat  required  to  cause  sad  boils. 

e.  i^terdne  ths  effect,  fTca:  sdd  ad  field  data,  of  lad- 
side  cecpcfi^  drrs,  cx?wffs,  ad  relief  ^Us  ca  the  rdue- 
ticui  of  subslza^rr  pressure. 

t.  fetituitB  cr  scasure  zsadral  sea^ige  ererging  ladvard  of 
levees  curing  high  vatsr  for  ca:^irisG3  vith  td  snenst  of 
ttttural  sects^  cnerging  after  c^»struatica  of  sfx^gi 
terss,  cutoffs,  ad  relief  wells, 

R.  Itevcls^  isfcjssatid  ad  values  fron  td  sites  stdid  ^Uat 
vUl  nahe  possible  the  analysis  of  seepage  co^itiois  ad 
dcsl0i  of  costzal  ccasuFcs  at  other  sidlar  sites. 


Ctesider  ad  dovelep  sethods,  formilss,  ad  criterii 
td  desS^  of  tdersce]^i2B  c^trol  smsure*. 


Sceoe  of  General  Study  ad 


;timti«n:s  &de 


5-  Sin^  initlatier  of  tbe  study  in  1$40,  nu^rcus  field,  m 
I otn^  invttti^sttds  have  been  sde  relstlcg  to  problen  m 
iteol  of  sd  S'^bstraten  pressures  lidward  of  IcteC-s.  As 


-- 


of  these  investigations  have  been  a part  of  the  general  study,  they  are 
suimarized  more  or  less  chronologically  in  the  follo'\/ihg  sections. 

Investigation  of  cause 
of  sand  boils  at  seven 
sites  in  the  Memphis, District 

6.  The  first  phase  of  the  general  study  consisted  of  an  investi- 
gation of  seven  sites  in  the  Memphis  District,  CE,  where  excessive  under- 
seepage and  sand  boils  had  occurred  during  the  1937  high  water.  The  re- 
suits  of  this  study,  published  in  October  1941,'^^  showed  that  the  sand 
boils  at  these  sites  can  be  attributed  primarily  to  the  head  of  water  on 
the  levee,  the  thinness  of  the  landside  top  stratum,  and  the  existence 
of  a pervious  substratum  of  sand  75  to  I50  ft  thick  which  offered  rela- 
tively free  passage  beneath  and  landward  of  the  levee  for  hydrostatic 
pressure  and  seepage  from  the  river  and  riverside  borrow  pits.  It  was 
concluded  that  saixd  boils  will  occur  where  the  combination  of  head  on 
the  levee,  seepage- carrying  capacity  of  the  pervious  substratum,  and 
characteristics  cf  the  landward  top  stratum  are  such  as  to  result  in  the 
development  of  a hydraulic  gradient  through  the  top  stratum  greater  than 
the  critical  gradient  required  to  cause  flotation  of  the  soil  in  cracks, 
holes,  or  other  weak  spots  in  the  top  stratum.  Because  many  of  the  prin- 
ciples and  data  presented  in  reference  35  3^^®  basic  to  this  report, 

some  of  this  material  is  incorporated  herein. 

Geological  investigations 

7.  The  results  of  the  1941  study  indicated  the  need  for  more 
geological  information  for  a proper  understanding  of  factors  affecting 
the  occurrence  of  underseepage.  Accordingly,  Dr.  H.  N.  Fisk  was  retained 
in  1941  by  the  to  make  a geological  study^  at  five  sites^^'^^^^^'^^'^*^ 
in  the  Memphis,  ’Hcksburg,  and  l^ew  Orleans  Districts  where  underseepage 
had  been  a major  problem  during  the  1937  high  water.  Results  of  these 
studies,  together  with  a svimraary  report, were  submitted  during  1942. 

Some  information  contained  in  these  reports,  together  with  data  obtained 


* Raiscvl  numerals  refer  to  similarly  numbered  entries  in  the  List  of 
References  at  the  end  of  the  main  report. 


in  subsequent  geological  studies,  has  been  utilized  in  preparing  Part  II 
of  this  report  and  in  developing  the  geology  of  l6  typical  sites  where  pi- 
ezoiceters  were  installed  for  stvidying  seepage  beneath  levees  (see  Part  IV) 
Piezometer  sites 

8.  Tlie  strady  of  seven  sites  in  the  Meniphis  District  also  indicated 
the  need  for  more  specific  Infomation  and  data  regarding  the  development 
of  substratum  hydrostatic  pressures,  the  distance  from  the  levee  to  the 
effective  source  of  seepage  entry,  and  the  relation  of  these  factors  to 
tmderseepage  and  sand  boils.  In  order  to  obtain  this  information,  systems 
of  piezometers  were  installed  in  1942  and  1943  at  four  of  the  seven  sites 
(Caruthersville,  Commerce,  Trotters  51,  and  Trotters  54).  In  addition, 

a system  of  piezometers  was  installed  in  1943  at  Baton  Rouge,  Louisiana, 
where  some  large  sand  boils  had  occurred  dviring  the  193T  flood. 

9.  In  September  19^5;  the  President,  MRC,  established  a board  to 
determine  methods  and  standards  for  the  utilization  of  soils  data  in  de- 
signing and  constructing  levees.  In  April  19^7,  this  board  published  a 
"Code  for  Utilization  of  Soils  Data  for  Levees,"  and  in  a section  on 
underseepage  recommended  that  a number  of  piezometer  systems  be  installed 
at  strategic  locations  along  the  levees  for  the  purpose  of  oVtaining  in- 
formation on  substratum  hydrostatic  pressures  considered  necessary  for 
planning  and  designing  corrective  measures  for  underseepage.  In  October 
1947,  a standing  Committee  on  Underseepage  was  appointed,  coi,sisting  of 
representatives  of  the  Mississippi  River  Commission,  Memphis,  Vicksbvirg, 
and  New  Orleans  Districts,  and  the  Waterways  Experiment  Station,  to  carry 
out  the  studies  relating  to  tmderseepage  recommended  in  the  levee  code. 

10.  This  committee  met  jn  October  1947  to  review  the  adequacy  of 
the  previously  installed  piezometer  systems  and  to  select  sites  for  ad- 
ditional systems  along  the  Lower  I'iississippi  River  levees.  It  was  the 
opinion  of  the  committee  that  the  new  piezometer  systems,  together  with 
those  previously  installed,  would  indicate  the  seriousness  of  the  under- 
seepage problem  at  these  sites  and  make  possible  a check  of  theoretical 
conputations  and  of  the  results  of  model  studies,  \fhen  adequate  data 
for  sxifficiently  high  river  stages  were  obtained  from  these  sites,  the 
coxanittee  thought  that  the  data  could,  by  proper  interpretation,  be 
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extrapolated  to  other  sites  with  similar  soils  strata  and  patterns.  It 
was  agreed  at  this  meeting  that  piezometers  would  be  installed  at  several 
sites  in  each  district,  in  addition  to  those  already  in  existence,  so  as 
to  cover  a range  of  soil  conditions  laical  of  those  foxmd  along  the 
levees,  and  that  a detailed  geological  and  soils  investigation  would  he 
made  at  each  of  the  piezometer  sites. 

11.  These  additional  piezometer  systems  were  installed  in  1948, 
making  a total  of  15  systems  along  the  Lower  Mississippi  River  levees 
and  one  system  on  the  Red  River.  Fairly  complete  piezometer  readings 
were  obtained  at  all  of  the  sites  during  a hi^  water  in  1950. 

12.  The  locations  of  the  piezometer  systems  are  shown  in  fig.  1 


and  are  as  follow: 
Memphis  District 


Caruthersville,  Mo, 
Gammon,  Ark. 
Commerce,  Miss. 
Trotters  51;  Miss. 
Trotters  54,  Miss. 
Stovall,  Miss. 
Farrell>  Miss. 


Vicksburg  District 


Upper  Francis,  Miss. 
Lower  7rancis,  Miss. 
Bolivar,  Miss. 

Eutaw,  Miss. 

L 'Argent,  La.* 
Hole-in-the-Wall,  La.* 


Hew  Orleans  District 


Kelson,  La. 

Baton  Rouge,  La. 
Cotton  Bayou,  La. 
(Red  River) 


13.  The  natural  seepage  emerging  landward  of  the  levees  was  also 
measured  at  Gammon,  Commerce,  Trotters  51;  Trotters  54,  Stovall,  and 
Baton  Rouge  sites  during  the  195O  high  water. 

Review  of  under- 
seepage  and  crevasse  data 

14.  As  part  of  the  general  underseepage  study,  a compilation  was 
made  of  all  known  crevasse  and  underseepage  data  from  the  records  of  the 
Mississippi  River  Commission  and  the  Men^ihis,  Vicksburg,  and  Hew  Orleans 
Districts,  This  information,  together  with  the  locations  of  all  piezom- 
eter systems,  seepage  berms,  and  permanent  sublevees  which  had  been  con- 
structed for  the  control  of  underseepage,  was  superiinpored  on  a continuous 
nwsaic  made  from  quadrangle  sheets  beginning  at  Cairo,  111.,  and  extending 


* These  sites  were  within  the  boundai’ies  of  the  Hew  Orleans  District 
when  the  piezometer  systems  were  installed. 
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down  the  Mississippi  River  to  Baton  Rouge,  La.  Compilation  of  these  data 
was  initiated  in  1942  and  .published  in  1948. Bie  data  show  that  under- 
seepage and  sand  boils  were  conanon  along  many  reaches  of  the  levees  from 
Cairo,  111.,  to  Baton  Rouge,  La.,  during  the  1937  hi^  water. 

15.  Detailed  field  investigations  at  the  locations  of  levee  cre- 
vasses known  to  have  been  caused  by  mderseepage  would  have  been  desir- 
able. However,  the  conditions  that  resulted  in  failure  of  the  levees 
were  destroyed  by  the  scour  caused  by  the  crevasse.  In  view  of  the 
elapsed  ttee,  lack  of  precise  records,  and  difficulties  involved  in 
q_uantitative  analyses,  no  investigations  were  made  at  Old  crevasses. 

Sand  model  studies  of,  relief  wells 


16.  A mmiber  of  sand  models  were  also  constructed  to  study  the 
unenomenon  of  underseepage  and  its  control  by  means  of  relief  wells. 

More  specific  purposes  of  these  model  studies  were  to  investigate  the 
operation  of  relief  wells  and  to  observe  well  and  seepage  flows,  and 
landward  substratum  hydrostatic  pressures  with  and  without  relief  wells 
in  operation  for  various  foundations,  seepage  entrances,  and  landward 
top  strata.  !Die  conditions  studied  were  considers 1 to  represent  at  least 
qualitatively  conditions  commonly  encountered  in  the  Lover  Mississippi 
River  Valley, 

17.  In  the  models,  relief  wells  with  proper  spacing  and  penetra- 
tion effectively  reduced  excess  hydrostatic  pressure  landward  of  levees 
iinderlain  by  a jrervlous  foundation  for  a wide  range  of  seepage  entrances, 
foundation  conditions,  and  landward  top  strata.  VJith  adequate  well  spac- 
ing and  penetration,  uncontrolled  seepage  normally  emerging  landward  of 

a levee  (without  wells)  was  materially  reduced,  although  the  total  under- 
seepage  flow  was  increased  by  about  20  to  40  per  cent  for  a model  typical 
of  conditions  along  Lower  Mississippi  River  levees.  The  results  of  these 
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studies  were  published  in  1949  and  are  sx2mmarized  in  Append*  \.x  A. 

Sand  and  electrical-analogy 
model  studies  of  partial  cutoffs 


18.  In  1946  the  Office,  Chief  of  Engineers,  and  the  Mississippi 
River  Commission  requested  the  VJaterways  Experiment  Station  to  study  the 
effect  of  partial  cutoffs,  installed  along  the  riverside  toe  of  a levee. 


oh  xanderseepage  and  hydrostatic  pressiires  beneath  and  landward  of  a levee 
Various  foundation  and  seepage  entrance  conditions  were  selected  for 
study  as  representing,  at  least  qualitatively,  certain  limiting  condi- 
tions coDsnonly  encountered  in  the  Lower  Mississippi  River  Valley.  The 
methods  of  anaJ^sis  vised  included  sand  and  electricsil  models,  graphical 
analyses,  and  mathematical  computations.  These  studies  showed  that 
partial  cutoffs  had  relatively  little  effect  on  the  reduction  of  under- 
seepage or  substratvan  hydrostatic  pressures  for  the  conditions  tested. 
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The  results  of  the  investigation  of  partial  cutoffs  were  published  in 
1949  and  are  summarized  in  Appendix  B. 

Field  installations  ;Of  relief  wells 

19.  In  December  1942  and  January  1943  lines  of  experimental  relief 

wells  were  installed  at  Commerce,  Trotters  51>  and  Trotters  54,  Miss.,  j 

and  at  Wilson  Point,  La.,  where  vinderseepage  had  been  a problem  during 
the  1937  flood  and  where  foundation  explorations  had  already  been  made. 

At  Commerce  the  wells  were  installed  to  permit  determination  of  the  ef- 
fectiveness of  different  degrees  of  screen  penetration  into  the  under- 
lying pervious  aquifer.  Piezometers  had  previously  been  installed  at 
the  four  sites  to  evaluate  the  performance  of  the  well  systems.  The 
systems  operated  dtiring  the  high  water  in  1943^  but  the  wells  were  found 
to  be  too  small  in  diameter  and  subsequently  were  plugged  or  pulled. 

However,  valuable  information  pertaining  to  the  permeability  of  the  founda- 
tion, well  flow,  and  pressure  reduction  was  obtained,  and  was  published 
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for  the  Commerce  and  Trotters  systems  in  June  1950. 

20.  In  the  summer  of  x950  a new  well  system  and  additional  piezom- 

eters were  installed  at  Trotters  I-iiss.,  for  the  piirpose  of  making  a 
full-scale  field  test  of  the  efficacy  of  a larger  capacity  relief  well 
system  for  controlling  vinderseepage.  This  well  system  operated  very 
satisfactorily  during  the  hi^  water  in  1951  1952.  Piezoi^ter  read- 

ings and  seepage  observations  made  dvuring  both  of  these  hi^  waters  in- 
dicated that  the  well  system  reduced  substratum  hydrostatic  pressures 
landward  of  the  levee  to  a small  fraction  of  the  head  on  the  levee,  and 
also  intercepted  a large  portion  of  natviral  seepage  which  otherwise 
would  have  emerged  landrard  of  the  levee.  The  desigi  of  this  well 


21.  ^otlier  phase  of  the  investigation  of  the  control  of  under- 
seepage  consisted  of  the  develoiaaent  of  a machine  and  procedures  for 
installing  an  impervious  partial  cutoff  30  feet  deep  or  more  along  the 
riverside  toe  of  a levee.  ^Dais  project  vas  carried  out  by  the  Hecrphis 
District,  CE,  during  I9U6-I95I  and  culminated  in  the  coii5)letion  of  a 40- 
ft  cutoff  along  a l400-ft  reach  of  levee  at  Trotters  51>  Miss.,  after 
vhich  the  project  vas  discontim^d.  Ho  performance  data  are  available 
for  the  cutoff  installed. 

Seepage  berms 

22.  (me  most  comrionly  used  metliod  for  safeguarding  levees  along 
the  lover  Mississippi  River  against  the  hazards  of  sand  boils  and  subsur- 
face erosion  is  the  construction  of  seepage  berms  along  the  landside  toe 
of  the  levees.  At  the  tin«  vhen  most  of  these  berms  vere  designed  and 
constructed  (1937-19^0)  little  information  vas  available  regarding  the 
characteristics  of  the  foundation  soils;  neither  vere  formulas  or  methods 
available  for  designing  such  berms.  As  a result,  most  of  these  seepage 
berms  vere  designed  on  an  empirical  basis.  Subsequently,  more  rational 
procedures  and  formulas  have  been  developed  for  the  design  of  seepage 

•3 

berms  based  on  seepage  formulas'^  and  electrical  analogy  model  studies 
perfornsd  by  the  Kansas  City  District,  CE.  No  data  are  available  regard- 
ing the  substratum  pressures  that  existed  prior  to  construction  of  seepage 
berms  to  compare  vith  pressures  measured  by  piezometers  instedled  after 
the  berms  vere  constructed. 

Field  pumping  tests 

23.  Data  obtained  from  the  relief  veils  at  Conmerce,  trotters  51^ 
and  Trotters  54,  !4iss.,  during  the  hi^  veter  in  June  1943  revealed  that 
the  flow  from  the  v^lls  vas  greater  than  anticipated  in  the  original  de- 

45 

sign  of  the  systems.  This  greater  flow  was  attributed  to  a more  per- 
vious foundation  and/or  a closer  seepage  entrance  on  the  riverside  of 
the  lei^e  than  had  been  assisted  in  the  desigi.  Because  of  the  isqoortaace 


of  accurate  knowledge  of  the  quantity  of  flow  in  the  design  of  a well 
syst^,  field  punning  tests  were  conducted  at  Conn^rce  for  liie  purpose 
of  determining  more  precisely  the  over-all  permeability  of  the  pervious 
siibstratua.  Biese  tests  were  initiated  in  the  fall  of  I9U3  and  were 
completed  in  the  spring  of  1944. 

24.  During  installation  of  the  new  well  system  at  Trotters  $4  in 
1950,  pimiping  tests  were  performed  to  determine  the  flow  for  various  draw- 
downs in  the  well,  head  loss  ihrou^  the  filter  and  well  screen,  and  the 

perfeability  of  the  pejrvious  sand  stratum.  Ihe  results  of  these  ptcnping 

51 

tests  were  reported  in  April  1952.  Since  then  con^rehensive  pumping 

teste  have  been  made  oh  wells  installed  along  the  levees  in  the  St.  Louis 
54 

District,  CE,  and  at  the  site  for  a lock  and  a control  structure  to  be 
built  in  conjunction  with  the  control  of  Old  River  south  of  Natchez, 

Miss.  Ohe  results  of  these  field  puaping  tests  are  sunacarized  in 
Appendisc  C. 

Scope  of  This  Report 

25.  Part  II  of  this  report  presents  a discussion  of  the  geology 
of  the  Lower  Mississippi  River  Valley  as  related  to  underseepage,  and 
defines  and  describes  the  varioxis  types  of  geological  features  encountered 
in  the  valley  that  have  an  effect  on  underseepage.  Pent  III  is  a discus- 
sion of  the  phenomena  of  underseei»oge,  sand  boils,  and  piping,  and  of 
foundation  characteristics  and  factors  related  to  the  development  of 
underseepage  and  substratum  pressvires.  This  part  also  presents  the  basic 
methods  and  formulas  for  analyzing  underseepage  as  conmonly  experienced 
along  the  levees  an  the  Mississippi  Valley. 

26.  Part  IV  presents  the  stxidies  and  analyses  made  at  the  piezom- 

eter sites,  and  includes  a description  of  soil  conditions,  history  of 
underseepage,  description  of  control  measures  that  have  been  constructed, 
and  detailed  analyses  of  all  piezometric  and  seepage  data  obtained  to 
date.  Volume  2 of  this  report  presents  the  following  information  pertain- 
ing to  each  site:  maps,  seepage  data,  geological  and  soil  profiles,  lab- 

oratory data,  levee  grades,  piezometer  readings  and  river  stages  recorded 
during  hi(^  water,  plots  of  the  hydraulic  gradient  beneath  the  levees  and 


laMvai^;  of  tlie  levees  at  selected  river  stages,  and  plots  of  individual 
piezoisjter  ratings  vs  river  stage  for  selected  piezometers  at  the  land- 
side  toe  of  the  levees . 

27-  An  evaluation  of  data  from  all  sites  and  a comparison  of 
geologic  conditions  with  seepage  observations  are  presented  in  Part  V. 

Ifetiiods  of  underseepage  control  together  with  formulas  and  graphs  for 
the  design  of  seepage  berais,  relief  wells,  toe  drains,  and  riverside 
bl^akets  as  develo^d  to-date  are  Resented  in  Part  VI.  Design,  con- 
struction, and  installation  of  seepage  control  measures  are  discussed 
in  ‘Fart  VII;  maintenance  and  observation  of  seepage  control  measures  and 
piezometers  are  discussed  in  Fart  VIII.  Where  additional  underseepage 
control  measures  are  considered  necessary  at  the  sites  studied,  the  de- 
si  a of  such  measures  is  illustrated  in  Part  IX.  Eesults  of  the  in- 
vestigation are  given  in  Part  X and  conclusions  and  recommendations  in 
Parts  XI  and  XII.  A list  of  references  is  included  at  the  end  of  the 
main  report. 

28.  Model  studies  of  relief  wells  and  cutoffs,  field  pumping 
tests,  and  observations  of  a relief  well  system  at  Trotters  5*^  are  sum-  , 

marized  in  Ajpendices  A-D.  | 

[. 
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PART  11:  OEOimY  OF  ijCmi  MISSISSIPPI  RIVER  VALLEY 
AHD  lOS  JUFUJENCE  ON  UNDERSEEPAGE 


29.  Geological  stvdies  of  several  sites  along  Lover  Mississippi 
River  levees  in  1941  and  1942  showed  a definite  correlation  between  the 
distrihuticn  of  alluvial  deposits  of  sand,  silt,  and  clay  with  the  loca- 
tion and  occurrence  of  vinder seepage  and  sand  boils. 

30.  The  geology  of  the  Lower  Mississippi  River  alluvial  valley  is 

now  fairly  well  Imgwn  md  has  been  disctissed  in  several  rather  ccsispre- 
hensive  j^ports."^  * It  is  therefore  vinnecessary  to  present  a de- 

tailed account  of  the  stibject,  and  in  the  following  pages  emphasis  is 
placed  on  those  aspects  that  are  of  greatest  iinportance  to  vtnderseepage. 
The  purpose  of  this  part  is  to  review  -Uie  genereO.  geology  of  the  Lower 
Mississippi  River  Valley  and  to  illustrate  the  relation  of  geological 
deposits  to  imderseepage.  Another  purpose  is  to  define  tenas  and  de- 
scribe geological  features  so  as  to  make  possible  a clearer  understand- 
ing of  the  descriptions  of  the  geology  of  the  specific  underseepage  areas 
investigated  which  are  given  in  the  discussions  of  individual  sites 
(Part  IV). 


The  Alluvial  Vetlley  of  the  Lower  Mississippi  River 


31.  The  alluvial  valley  of  the  Lower  Mississippi  River  begins 
near  the  confluence  of  the  Mississippi  and  Ohio  Rivers,  Cairo,  111.,  and 
extends  to  the  Gulf  of  Mexico  (see  fig.  l).  The  valley  varies  in  width 
from  about  30  miles  at  Natchez,  Miss.,  to  125  miles  between  Memphis, 
Tenn.,  anu  Little  Rock,  Ark.j  the  ground  surface  in  the  valley  has  an 
average  slc^e  toward  the  Gulf  of  about  0.6  ft  per  mile. 

32.  The  alluvial  deposits  in  the  Lower  Mssissippi  River  Valley 
fill  a trench  or  canyon  having  all  the  characteristics  of  a former  stream 
\nxlley  and  ranging  in  depth  from  about  100  ft  in  the  upper  part  of  the 
alluvial  valley  to  400  ft  nejir  the  Gulf.  The  origin  of  this  buried 
canyon  is  attributed  co  changes  in  sea  level  caused  by  the  glaciers 
which  w^re  formed  diuing  the  Pleistocene  epoch.  It  is  estimated  that 
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vten  lie  ^jaciers  reached  their  wBximKsi  extent  sufficient  vater  was  with- 
dmwn  the  ocean  to  lower  sea  lerel  oy  about  4(X)  ft.  lii  rcsporiio  to. 
a greatly  Inc^ased  slope,  the  Mississit^i  River  aM  tributaries  were 
able  to  cut  ti«ir  vall^s  to  deptis  adjusted  to  the  lc.mred  sea  level? 
•5d«a  tie  sea  level  rose  as  the  glaciers  retreated  these  valley  ■s^xe 
filled  ty  alluvial  deposits.  Biis  cycle  of  alternating  advance  aid  re- 
treat of  tie  ice  toc^  place  at  least  four  tires  during  the  ?leist<x:ene 
ei^sch.  'Em  entr^ched  vaUqy  prc^r  was  forred  during  'Uie  late  Hisccnsia 
glacis  stage,  scse  ^,OCX)  to  30j0G0  years  ago,  whsi  tie  ice  Mvanced 
southward  for  the  last  tine.  A scaewiat  idealized  Ultstratit^  of  the 
entrenched  valley  is  presented  in  fig.  2. 

33-  river  has  neaMered  widely  over  the  alluvial  valley,  leav- 
ing behiid  a series  of  -^ical  features,  st^  as  oxbow  lakes  and  nattaal 
levees,  wiici  indicate  its  forser  presence.  tirse  required  to  change 
froa  oiffi  course  to  has  teen  carefully  studied,  aid  Fisi^  has 

divided  tie  forser  courses  of  tte  river  into  20  stages,  s^arated  by 
intervals  averaging  ICO  years  in.  duraticsi,  the  earliest  course  being 
represented  by  tie  nister  1 and  the  present  course  by  the  ntster  20. 

Still  earlier  stages  have  teen  repi^sented  by  letters.  Biis  syst^  of 
desi^iating  fonsr  river  courses  has  teen  teopted  <sx  lie  geologic 
of  all  Mississippi  River  uiderseepage  sites  investigated  (see  vol.  2). 

lie  AUudal  Fill 


As  the  glaciers  of  late  Wisconsin  stage  tegan  to  ^It, 

60^  30#0CX)  years  ago,  tie  sea  level  gradi^.lly  rose  to  ite  present 
tioa  causing  the  entrenched  valley  to  tectee  fillte  with  a series  of 
satey  gravels,  sands,  silts,  aid  clays  that  can  te  grov^d  into  tw>  bro^ 
mits:  (a)  a sand  sid  gravel  substrata,  aid  (b)  a fine-grained  tc^ 

stratus.  2^e  units  are  of  basic  ic^rtance  to  the  uiderse^a^  problos 
and,  therefore,  reouire  fairly  detailed  descriptim.  Bic  alluvial  mte- 
rials  are  ecnerall>'  underlain  by  relatively  i^ervioiffi  tortiary  depc»its. 
Bie  pervious  sutetratm 

35  • Gradual  rise  of  sea  level  accrxgsmyicg  final  retreat  of  the 


Ics  affects  the  ICH^r  &ns&ss  o£  Mississippi  River  tefore  its  xs^^r 
readies,^  sM  the  min  cTartnel  before  its  tributaries.  It  l:«sase,  in 
cmseqmace,  an  overloaded  braln^  stress  in  -Aicii  large  qisatities  of 
gravel- tearing  sai^  vere  dQscsited.  As  sea  level  cmtinued  to  vise  and 
the  de^jsi-^  cn  the  floor  of  the  entrendsed  vall^  cditinusd  to  thid<en, 
stress  sl^^  prc^;Eessively  rediared  and  boi&  the  qmati'^  and  gmin 
size  of  ti^  mterlals  trans^irt^  the  rlrer  decreased.  ^avel- 
bearing  sai^  i^re  stscce^ed  by  coarse  sai^s  grming  rEvard  into  progres- 
siytly*tixysr  mteriels  aM  tersinating  in  d^osits  of  very  fine  sam. 
This  tffi»ard  gr^atim  fz^  d^rse  to  fim  raterials  reflects  a gr^ual 
^jmtmnt  mtvem  the  ‘^ai^orting  camacity  of  the  river  ai^  avsilsble 
lo^.  rim  to  very  fim  saiws  ■mre  mt  detroitrf  ustii  sea  level  had 
resist  essentially  its  present  staM  am  tm  river  l^^n  to  change  fr^ 
a braird  to  a msi^ering  stoesa. 

!Q£e  ssrdy  alluvim  is  18D  ft  thic^  z^r  Sikestm,  Ko.;  ft 
thick  at  Ms^his,  15ena.;  about  150  ft  ^lick  in  “Uie  latitiaJe  of  Iszco 
dty.  Miss.;  aM  in  the  latitude  of  Sew  Orleans,  la.,  thickmssm  in  ex- 
cess of  200  ft  are  mt  iasc<fencn.  HorUi  of  louisiana-Arkansas  bcmd- 
ary,  o^its  sa^s  sxe  within  5 to  ^ ft  of  toe  groisd  surfam,  but  south 
of  tois  lim  the  thickmss  of  overling  saterials  imreases  sxsd  in 
*the  vicinilar  of  Eoisa,  la.,  ®clmn®  sa^s  ore  Oi^r  y)  to  100  ft  tolm.' 
toe  sxnface.  toe  thickness  of  the  clean  ssM  substratm  ranges  frm  75 
to  150  ft.  S»  xssema  toic^i^s  is  misly  a result  of  irregulsritlM 
in  the  lower  sinface  of  ti^  valley  floor.  A typical  sectioi  of  sub- 
strata is  shown  in  fig.  2. 

relatively 

Ismrvlom  top  staataa 

jF.  Scaa  6G(X)  years  ago,  sea  level  reactei  essmttaHy  its  p«isent 
pMlticm,  aid  sedioentory  loid  carried  sy  river  scm  becasc  stA- 
stontisUy  sdjmt^  to  the  slc^  aM  wloci^.  Ri^id  filling  of  tl»  ea- 
trcnched  v^Ll^‘  ceased,  asd  the  river  to  show  no  mr^d  teide^y^ 

eitoer  to  cat  away  or  fill  in  its  valley,  a ci^itim  often  sjx*en  of 
as  “poised"  or  "graded."  toe  formr  braided  channel  was  renla^d  by 
isaiders  swin^ng  in  wide  curves,  bat  seldm  escaping  trtm  a Exander 


belt,  about  10  ^les  tilde.  (Hiasucteristic  sedis^ts  ccmsistiBg  of  point 
tes,  fUl^  nawxml  levee,  nz^  tecksvazs  de^jsits,  vere  laid  dovn 

is*  aearter  celts.  !roese  d^<»its  are  rark^  by  bott  lateral  oM  verHc^ 
disccsztlnulties  and  tilde  distarity  in  grain  site  asti  t^nseabilily*  ®ey 
are,  ■^ferefoie,  of  prisssry  iiynrtaace  to  the  sissy  of  ai^erseera^, 
tim  ck^teC  of  gK>Ir^  to  teis  study  lies  in  tee  eccts*atc  de- 

liroatiai  of  tis  various  types  of  usa^er  teit  deposits. 

33-  l^oint  ear  de^z^lts.  «s  iseai^er  Ica^  iisrease  is  radio® 
er^l^  of  tee  e^cave  tenk,  d^csltim  takes  place  on  tee  convex 
vi^re  lov  s&szs  nld^s  are  built  im.  Tne  elcxi^ted  depressi^is  cetvesn 
rid^s  are  taxsva  as  svales  a:^  usmlly  bece:e  filled  with  fiM-grain^ 
depc^te.  2^  alig-jp-ent  of  ridges  aM  svules  to  parallel  the 

cftinu^T  is  teicb  -i^pe  laid  d^a,  Imt  owing  to  dovMtrean  nigratica 
of  agariurs  s^^^sstve  rldgM  am  swales  to  otctIot  am  tnfficate 


Limted  fateic 


2s  banks  of 


lass 


pc^nt  is  cftei  referred  to  as  a ojist  bar  accreticxi.  2»  sands  ct^pcs 
is^  tl»  ridges  betv^i  sieilto  are  ger.c-ral  1 y crms-mdded  aid  often  grade 
dsnaseato.  into  ^ t»erlyii^  clean  sai^s.  2»  part  of  ti^se  rtoge 

j2^  s'lSle  demits  mmlly  ok^sists  of  retotively  ii^rmable  silty  saM 
d&y  sHts,  aiai  silty  cl^s  teat,  are  laid  down  during  gradinl  rdgratioi 
of  ti^  river  tewnal  am  tec  of  mtive  s^dlBOitatios  ariasy  trtm  the 


LS  COV^fl  of  J5V  ^ O^  SXJ 


rail®  4s 


to  kO 


to  lOi  ft  ere  taxr«s.  In  ctesirlscs  ■yite 
ore  pmcttcally  f^torrtom.  !^^ical 
exist  at  (toraerce  lower  ftxjneis  plezcs 


category  of  toint  tor  demsitim  ore  tee 


17 


so-called  channel  bars.  These  are  elongate  accretion  deposits  built  up 
as  a river  reach  migrates  laterally.  In  contradistinction  to  the  typ- 
ically eircuate  accretion  deposits  built  by  a meandering  river  bend, 
channel  bar  deposits  are  essentially  straight  or  only  sli^tly  sinuouc. 

An  excellent  example  is  seen  at  the  Trotters  51  site  (plates  62  and  67). 
Channel  bars,  from  an  vinderseepage  point  of  view,  are  analogous  to  the 
sandy  ridges  found  on  point  bars.  The  swale  fillings  of  channel  bars 
tend  to  be  somewhat  longer  and  deeper  than  those  found  on  point  bars  but 
are  otherwise  similar. 

40.  Channel-fill  deposits.  As  a result  of  downstream  migration 
of  meanders,  aided  by  local  inequalities  in  erosional  resistance  of  the 
banks,  opposite  arms  of  a meander  loop  may  meet  and  form  what  is  known 
as  a cutoff.  A meander  loop  separated  from  the  main  channel  by  a cutoff 
soon  becomes  plugged  at  both  the  upper  and  lower  arms,  and  the  central 
portion  is  converted  into  one  of  the  familiar  oxbow  laltes.  Sediments 
filling  bhe  central  portion:  of  the  loop  are  generally  clay  in  contrast 
to  the  somewhat  sandy  and  silty  material-^  plugging  the  upstream  and  down- 
stream arms.  Examples  of  clay-filled  x’ormer  river  courses  can  be  found 
at  Upper  Francis  and  L ‘Argent  (see  plates  127  and  182).  The  width  of  a 
clay  plug  is  roughly  equal  to  that  of  the  former  channel  and  the  thick- 
ness may  approach  or  even  equal  the  depth  of  the  former  river  channel. 

A channel  fill  in  the  Memphis  District  is  90  ft  thick;  the  False  River 
fillings  north  of  Baton  Rouge,  La.,  are  about  125  ft  thick;  and  an 
abandoned  channel  deposit  near  Plaquemine  is  l40  ft  thick. True  clay 
plugs  are  practically  inperreable  and  no  inqportant  underseepage  has  been 
known  to  penetrate  them. 

41.  An  exceptionally  wide  and  deep  swale  may  become  enlarged  under 
certain  conditions  until  it  becomes  the  main  channel  of  the  river,  form- 
ing a "chute  cutoff"  as  contrasted  with  the  neck  type  of  cutoff  described 
above.  In  most  chute  cutoffs,  flow  continues  through  the  old  channel 
for  a considerable  time  but  x-s  upper  end  eventually  becomes  plugged  by 
sandy  materials.  The  lower  end  of  the  old  channel  may  receive  consid- 
erable amounts  of  fine-grained  materials  which  form  a rela'^ively  im- 
permeable plug.  The  fillings  of  channels  abandoned  bj'  chute  cutoffs  may 


i 
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consist  of  either  silts  or  clays,  whereas  those  formed  by  necl'  cutoffs 
are  usually  filled  with  clay.  Furthermore,  the  fine-grained  mat ’“rials 
filling  chute  cutoffs  are  usually  somewhat  thinner  than  those  filling 
neck  cutoffs.  Conseq^uently,  chute  cutoffs  seldom  lead  to  the  formation 
of  as  effective  underseepage  barriers  as  those  formed  in  connection  with 
neck  cutoffs. 

42.  It  is  pointed  out  that  types  of  deposits  and  depth  to  clean 
sand  within  abandoned  channels  may  vary  considerab'iy,  depending  on 
hydraulic  conditions  subsequent  to  cutoff.  Cutoff  channels,  which  for 
a number  of  reasons  tend  to  stay  open  for  a considerable  period  after 
cutoff,  generally  fill  with  coarser  grained  material.  VJhere  con^lete 
cutoff  is  effected  in  a short  period  of  time  (5  years  or  less)  the 
abandoned  channel  filling  tends  to  be  deep  and  fine  grained.  The  latter 
situation  is  overwhelmingly  predominant  in  the  case  of  neck  cutoffs;  less 
predominant  in  the  case  of  chute  cutoffs. 

43.  Natural  levees.  VJhen  the  river  overtops  its  banks  the  water 

spreads  out,  the  velocity  is  checked,  and  deposition  of  a portion  of  the 
load  results.  In  this  manner,  long  ridges  Imown  as  natural  levees  are 
formed  on  the  outside  of  meander  loops  and  along  both  banks  of  straight 
reaches.  The  width  of  natural  levees  bordering  the  present  and  past 
courses  of  the  Mississippi  River  is  extremely  variable  and  ranges  from 
less  than  one-fourth  mile  to  over  four  miles.  Their  thickness  adjacent 
to  the  riverbanks  along  which  they  were  laid  down  ranges  from  5 to  15  ft 
in  the  northern  part  of  the  valley,  and  is  as  much  as  20  ft  in  the  lat- 
itude of  Baton  Rouge,  La.  Tlieir  heij^t  above  the  surrounding  flood  plain 
ranges  from  5 to  1C  ft.  At  the  time  of  deposition  the  crest  is  adjacent 
to  the  riverbank  with  a short  steep  slope  toward  the  river,  and  a long, 
gradually  decreasing  slope  toward  the  adjoining  low-lying  areas  away 
from  the  river.  The  landside  slopes  may  often  be  traversed  by  a network 
of  intercommunicating  channels  formed  by  crevasses  during  exceptionally 
high  floods.  The  aerial  photograph  pattern  of  natxu:al  levees  and  asso- 
ciated crevasses  is  weli  illustrated  in  the  mosaic  of  the  Trotters  5I 
site  (see  plate  64).  ^ 

44.  The  coarsest  materials,  ranging  from  sandy  silts  to  silty 


clays,  are  dropped  nearest  ri.ver,  and  the  grain  size  decreases  pro- 
gressively "with  distance  from  the  banks.  In  other  words,  natural  levee 
deposits  grade  landward  into  comparatively  miform  clays  that  are  in- 
distinguishable from  those  laid  down  in  the  adjoining  lowlands,  or  back- 
swa^s,  and  for  this  reason  the  boundary  between  natiural  levee  and  back- 
swamp  deposits  can  seldom  be  fixed  with  any  degree  of  acciuracy.  The 
stra.tification  of  nattiral  levee  deposits  is  essentially  horizontal. 

Those  found  in  the  northern  part  of  the  valley  are  mainly  sandy  silts 

and  silty  clays;  in  the  southern  portion  they  consist  chiefly  of  clays 
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and  silty  clays . According  to  Fisk,  the  grain  size  is  generally 
coarser  than  the  average  backswamp  and  channel  fill  material,  but  some- 
what finer  than  the  fine-gra?ned  upper  portion  of  point  bar  ridges. 
Crevasse  channels  in  natural  levees  may  be  filled  with  silts  and  silty 
clays  that  are  somewhat  more  permeable  than  the  main  body  of  the  deposit. 

45.  Natural  levees  are  usually  comparatively  well  drained,  both 
internally  and  externally,  and  conseq,uettly  have  generally  been  cleared 
for  farming.  They  are  thus  fairly  easy  to  distinguish  on  aerial  photo- 
graphs and  topographic  maps,  but  are  extremely  difficult  to  delineate 
in  a manner  showing  their  relationship  to  xinderseepage.  It  was  decided, 
after  considerable  discussion  and  experimentation,  to  show  on  the  geologic 
maps  only  the  better-defined  natural  levees  and,  except  where  they  are 
notably  sandy  or  silty,  to  omit  a separate  designation  on  the  geologic, 
profiles.  As  a result,  the  boundaries  of  natural  levee  deposits  shown 
on  the  maps  and  soil  profiles  generally  do  not  coincide.  Exan5>les  of 
natural  levee  deposits  are  shown  in  many  of  the  plans  and  soil  profiles 
of  the  piezometer  sites. 

46i  Backswamn  deposits.  The  low-lying  areas  on  the  landside  of 
natviral  levees  are  known  as  backswamps  (see  fig.  2).  These  areas  re- 
ceive only  q.uiet  floodwaters;  therefore,  the  sediments  laid  down  consist 
mainly  of  thinly  laminated  clays  and  silty  clays  with  minor  amounts  of 
silts.  The  stratification  is  essentially  horizontal.  The  thicltness 
ranges  from  I5  to  20  ft  in  the  vicinity  of  Helena,  Ark,,  to  20  to  70  ft 
in  southern  Louisiana  where  the  backswamp  deposits  merge  with  inter- 
fingering masses  of  swamp,  marsh,  and  near-shore  marine  deposits  of 
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clays,  .silts,  and  sands  forming  the  deltaic  plains.  Backswan5>s  have  poor 
surface  drainage  and  the  soils  are  normsilly  saturated  the  year  round. 

As  a result > they  are  seldom  farmed.  Backswamps  eire  readily  distinguished 
on  aerial  photographs  by  their  tree  cover  and  lack  of  systematic  drainage 
pattern.  Significant  underseepage  throu^  thick  backswamp  deposits  has 
never  been  observed. 


Influence  of  Geology  on  Underseepage 


47.  The  emergence  of  seepage  landward  of  a levee  is  influenced 
by;  (a)  configuration  of  geological  features  such  as  swale  fillings  and 
clay  plugs  and  their  relation  to  the  levee;  (b)  characteristics  and 
thicloiess  of  the  top  stratum;  (c)  cracks  and  fissvures  formed  by  drying 
or  other  natiu:al  causes;  (d)  borrow  pits,  post  holes,  seismic  shot  holes, 
and  other  works  of  man;  and  (e)  decay  of  roots,  uprooting  of  trees, 
animal  burrows,  crayfish,  and  other  organic  agencies.  The  severity  of 
uinderseepage  along  a reach  of  levee  is  frequently  dependent  iq)on  the 
configuration  of  geological  features  in  the  area,  as  discussed  in  the 
following  subparagraphs. 

a.  Point  bar  deposits.  Point  bar  deposits  are  the  most 
heterogeneous  of  all  the  materials  forming  the  top  stratum. 
Fine-grained  swale  fillings  of  highly  variable  thicliness 
separating  sandy  ridge  deposits  are  the  chief  discontinu- 
ities found  in  point  bar  materials.  Inasmuch  as  the 
ridges  are  considerably  more  pervious,  practically  all 

of  the  vinderseepage  flows  iq>  in  the  ridges  regardless  of 
the  orientation  of  the  swales  to  the  levee.  Eie  greatest 
concentration  of  seepage  always  occurs  along  the  edges  of 
swales  and  at  the  landside  levee  toe,  as  illustrated  in 
fig.  3-  In  instances  where  the  long  dimension  of  the 
swales  is  parallel  to  or  intersects  the  levee  toe  at  a 
small  angle,  seepage  is  particularly  concentrated  in  the 
sandy  ridges  where  the  edges  of  the  swales  intersect  the 
levee  toe  (see  fig.  4).  Sharp  inside  angles  or  bends  in 
levee  alignment  cause  a greater  concentration  of  flow,  as 
a three-dimensional  flow  pattern  results  with  all  flow 
lines  directed  toward  the  angle  at  the  landside  toe. 

b.  Clay  plugs  and  channel  fillings.  Clay  plugs  and  channel 
fillings  differ  from  swale  fillings  mainly  in  their 
greater  width  and  thicl:ness.  They  are  also  generally 
longer,  and  are  often  somewhat  more  xmiform  in  composition. 
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Their  effect  on  the  distribution  of  tinderseepage  is  sim- 
ilar to  that  of  swale  fillings  but,  owing  to  their  greater 
thickness  and  width,  is  considerably  accentuated  (see 
figs.  5 and  6).  The  worst  possible  underseepage  condi- 
tion is  found  where  a deep  or  wide  clay-filled  channel 
exists  psirallel  to  and  immediately  landward  of  the  levee 
toe.  In  a case  of  this  type,  all  of  the  imderseepage  is 
concentrated  in  the  small  area  between  the  levee  toe  and 
the  clay  plug.  However,  clay-filled  channels  that  i>arallel 
Ihe  levee  reduce  imderseepage  if  the  landside  toe  of  the 
levee  overlaps  the  filled  channel.  Such  channels  immedi- 
ately riverward  and  overlapped  by  the  levee  also  tend  to 
reduce  imderseepage  by  forming  a relatively  impervious 
riverside  blanl:et. 

c.  Natural  levees.  V/here  the  levee  is  foimded  on  top  of  a 
continuous  natural  levee  deposit  of  silts  or  silty  sands 
imderlain  by  clay,  the  natural  levee  deposit  will  act  as 

a semipervious  aquifer  for  shallow  imderseepage.  However, 
such  deposits  do  add  to  the  wei^t  of  the  underlying  clay 
and  thereby  help  resist  lifting  of  the  top  stratum  by  ex- 
cessive substratvnn  pressures  in  underlying  clean  sands. 
Sandy  or  silty  crevasse  fillings  may  also  act  as  seepage 
channels,  but  because  of  their  narrow  cross  section  and 
irregular  shape  any  underseepage  originating  in  these 
fillings  is  very  restricted  in  distribution. 

d.  Backsvamp  deposits.  As  previously  mentioned,  these  mate- 
rials are  generally  thick  and  practically  impervious,  and 
no  significant  underseepage  is  known  to  penetrate  them. 
However,  if  for  any  reason  the  continuity  of  backswamp 
clays  is  broken,  or  their  thickness  sufficiently  reduced 
by  excavations  such  as  drainage  ditches  or  borrow  pits, 
uaderseepage  and  possibly  sand  boils  may  be  expected  to 
develop. 


SILTS  AND  SILTY  SANDS  WITH  OCCASIONAL 
CLAY-FILLED  SWALES 


SECTION  A~A 
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PART  HI;  (XJCURRBKCE  Al©  ANALYSIS  OP  UlffiERSEEPAGE 

I 

Develow^nt  of  UnderseepaRe  ana  Saad  Bolls 

48.  When  a levee  is  subjected  to  a differential  hydrostatic  head 
of  vater  as  a result  of  river  stages  being  higgler  than  the  adjacent  land, 
seepage  entering  the  pervious  substratum  through  the  bed  of  the  river, 
riverside  borrow  pits,  and/or  the  riverside  top  stratum,  creates  an  ar- 
tesian head  and  hydraulic  gradient  in  the  saM  stratum  \mder  the  levee. 
This  gradient  causes  a flow  of  seepage  benea-Hi  and  landward  of  the  levee 
as  illustrated  in  fig.  ?•  Snch  seepage  ensrging  at  or  landward  of  the 
levee  toe  is  genersilly  termed  underseepage.  If  the  hydrostatic  pressure 
in  the  pervious  substratvan  landward  of  a levee  becomes  greater  than  ihe 
sribiisrged  w^i^t  of  the  top  stratum,  the  uplift  pressure  will  cause  heav- 
ing of  the  top  blanket  and  it  may  rvpture  at  weak  spots  with  a resulting 
concentration  of  seepage  flow  in  the  fora  of  sand  lx>ils.  Active  erosion 
of  siibsurface  material  as  a result  of  substratum  pressure  and  concentra- 
tion of  seepage  in  localized  channels  is  termed  piping.  Wiere  the  founda- 
tion and  tt^  strata  are  heterogeneous,  as  is  usually  the  case,  seepage 
tends  to  localize  instead  of  causing  the  entire  t<^  stratum  to  heave  or 
become  ’’quick.”  A combination  of  excess  head  and  seepage  can  create 

sand  boils  and  subsurface  erosion  that  may  culminate  in  formation  of 
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piping  beneath  the  structxire  with  no  heaving  action.  Terzaghi  has 
stated  that  the  nechanics  of  this  type  of  piping  defy  a theoretical  ap- 
proach. Fig.  8 shows  exanples  of  small  sand  boils,  and  fig.  9 illus- 
trates son»  rather  serious  piping. 


Fig.  7.  Generalized  cross  section  of  geologic  strata  and  levee 
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h^.  She  l^draullc  gradient  required  to  cause  leaving  is  called 
•Uie  "critical  hydraiOlc  gradient.”  It  is  tte  ratio  of  the  suiser^d 
imit  ifei^t  of  tte  soil  to  tte  unit  vei^t  of  vater,  ai^  is 
al^mt  0.7  to  0.85.  fioy  tei^ency  for  b>drauLic  gradient  to  increase 
alKjve  "critical"  gradient  cmly  causes  additional  sai^  lK>ils  or  in- 
creased percolation.  High  exit  gradients  and  concentrations  of  seepoge 
sre  usi^ly  foui^  ali^g  lar^side  leree  tc^,  at  thin  or  wealc  ^ots  in 
"tiie  to?  stratinj,  and  adjacent  to  clay-filled  svales  or  channels.  In 
these  cases  the  exit  gradient  xmy  beCt^  critical  at  singular  jwiats, 
idiile  tiffi  average  gz^ient  tnrou^  the  tap  stratun  is  stiH  less  'Uian 
critical  valre. 

50.  Khere  seepage  is  concentrate  to  tte  extent  that  turbulent 
flow  is  create,  ti»  flow  will  cat^  erwion  in  the  t<^  stratus  ae 
develqpoent  of  a chaimel  doun  into  tls  ueerljlng  silts  am  very  fine 
saes  whie  frequently  exist  inneiately  ez^satdi  the  base  of  tl^  t<5» 
stratum.  As  the  chanml  increases  in  size  ae/or  leisgth,  a progressively 
greater  concentration  of  seejKi^  flows  into  it  with  a cmsequeat  greater 
tendency  for  erosi^  to  pragross  l^neath  the  Invee.  Biis  is  es^cially 
true  if  the  top  stratus  is  ce.esive  ae  tla»  usiriiyiiig  soils  are  sm- 
ceptible  to  eresim.  Shrinkage  cracks,  rmt  toles,  and  holes  rzide 

ssia  or  burrowing  anl^ls  fom  ready  channels  in  the  top  stratus  for  ce- 
velopn^nt  of  localized  flows  ae  atteeant  piping. 

51.  If  there  were  a cm^letely  Is^erviois  lamsidc  stratia  over- 
lying  te  pervious  fcmrdation  ae  no  flow  of  water  lamward,  the  hydro- 


static pressure  hem  cxmealh  te  top  sfeatm  laeward  of 


levee  would 


equal  t^  riwar  sta^.  Biis  cc»iitioa  seldcra  exists,  as  ^mrally  scssr 
water  is  floirtng  laeward  ttirov^  the  ^rvious  foueatim  am  upward 
throu^  te  surface  stratina  with  a coaseqmnt  laeward  decrease  of  pres- 
sure ee  (see  fig.  7).  Inis  dissipatim  of  ee  has  bees  observed  in 
code!  steies  ae  at  the  piezcsetar  sites,  ae  rartially  e^lains  vay 
sae  eils  eve  not  occurred  in  sore  areas  WT^re,  without  smh  ee  loss, 
sidjsurface  pressures  during  hlgh“*'®ter  stages  wuld  mve  tc on  sufficiently 
peat  to  cause  heaving  or  see  tolls  laeward  of  the  levee.  His  rtouc- 
tioa  of  the  hydrestottc  pressure  toncato  the  stratiss  as  a result  of 


natui^  seepa^  shottl^  mst  coesidered  es  a ^^rastee  ag^ir^  said 
boils  or  std5sis*fat^  eit^ion,  since  evtai  vith  si^  ndistlcn  tte  residual 
siibsteatia  pressure  i=ay  sufficient  to  cause  sand  toils  aid  piplE®. 

52.  Ito  top  stratm  lar-dvard  of  tto  levee  can  to  classi^to  Into 
tto  -Uiree  following  categories  as  regards  thickr^ss:  (a)  no  significant 

top  stoatss;  (b)  t«^  stratin  of  insufficient  thickness  to  vithstaid  tl» 
hydrostatic  pressures  that  teid  to  develop;  (c)  top  stratea  of  sufficient 
thickness  to  withstand  oi^  hvdn^tatic  pressure  toat  ssy  devel^  at  the 
design  flixd  stage. 

53-  Kiere  tto  t<^  stratus  landward  of  a levee  is  very  thin,  rela- 
tively little  bydrtotatic  can  develi^  but  seecai^  nay  to  quite  toavy. 
If  soil  ciaditicas  arc  tmifora  tto  inteisity  of  seeroge  ato  h^rcstatic 
pressure  iznediately  below  tto  surface  will  to  laiifom  nlxaig  tto  levee. 

Such  sec5S2g2  is  prt^^ly  K)t  dan^rmm  itos  tto  siaid^int  of  sutourface 
ertoiem  previdto  tto  has  stdficitot  tose  width,  for  tto  fusible 

&i  tto  levee.  ¥here  ttore  is  no  tep  stratus^  the  hydrostatic  pressure  In 
tto  ipper  part  of  tbs  sand  stratus  at  car  landward  of  tto  leveo  toe  is 
tssisrlly  low.  towever,  nattaal  stratiflcatito  in  tto  leper  part  of  the  said 
cay  onaje  develspis^t  of  cccc  artesian  pressure  and  caKMmtrutiias  of  seep- 
age fl^'  in  tto  fom  of  scall  cto  probtoiy  insi^iificant  sand  toils. 

54.  ItXi  ^stentiaUy  dangerous  uidersecpa^  c<^iti<»  vx»t  £rs- 
quently  ei^ioimtercd  alcsg  tto  lower  lassisslspi  River  levees  is  case  b. 
to  this  case  tto  reslotaoee  to  seroage  fi^  thrw^  tto  Um  stoats  is 
sc  s^eat  In  cc^arlscn  to  tto  lew  resistacee  to  seepa^  flow  throt^  tto 


tratua  saids  that 


arecidjle  ^tesj 


itw  lardieud  of  tto  leve^.  toi. 


sreesmes  are  iaiilt  tffi  toceat 


•tosiaa  orcssurcs 


acove  the  0 


surface  at  tto  ievto  t«i  durin-  fcl^  -.stcr  gCtomHy 


ran^e  Sy  to  75  per  cent  of  tto  net  had  co  totoe  and  my  exteid 


sreciacle  distsstos  lato^^rd  of 


levee,  xa  scsc 


ruatare,  fremsntlv  without  v. 
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Ipjiaiwrd  of  Isvea  tcc.  ditc^s  are  present,  critical  sOtetxatir:i 

prtssur^  rvgtaa^  tte  Oott«  of  tia  ditch.  F^suLting  sand  toUs  i^y 
beo^g  qsite  acti\*e  cacssae  the  tMcV  blnnhat  cn  eacn  side  of  the  ditch 
vill  cmse  sidaiof^a  s^pa^  to  c<ac«itrate  in  tta  latt«a  of  the  ditch. 

'Dx  amount  of  ur^ersee^ge  ssd  cpiift  hydnatatic  pressure 
Umt  nay  i&rsljoip  lam'iiard  of  a levi^  is  hixrwn  to  be  related  to  the  river 
afegs,  Iccaticn  of  seepage  entrance,  extent,  thickness,  and  ^rviousness 
of  the  ImxsMe  stratss,  tsaex^rtnn^  storage,  aM  geological  features, 
(ihe  effect  of  tl^^  foin^aticai  characteristics  <m  ir^erseepage  and  ra>- 
!ift  pessure  is  di^tased  sul^eqtgntly . ) Oiigr  factors  ccmtributiag  to 
t&  activity  of  sszx  boils  cashed  by  see^^  s:^  hydrs^tatic  pressure 
are  12g  iigrease  of  Jti^r  sta^  ai»ve  tiiat  rwuired  to  start  piping,  tig 
degree  of  se^g^  cag^trati<»,  the  ve3x>city  of  flow  gorging  frt^  the 
boils,  and  Ws  eristecce  of  a strates  ot  fiig  c^gsigiless  soil  readily 
susceptible  to  ^ping. 

57*  T^tergroassd  stcra©*  has  a significant  effect  €o  unders^^i^ 
and  excess  0drs^tatic  pressures  curing  relatively  low  hi^  waters  or 
hi^  i^tezs  of  ^^rt  duxatiem.  If  tig  grmeg  va^r  table  is  low  at  tig 
coset  of  a hi^4  ister,  draina^  into  sut^rfece  s^oitige  lai^ward  of  tig 
levee  wilJ.  redt«  h^rc»t3tic  pressures  am  Bee^s^  .ising  to  tig  siarface. 
Hcagver,  if  tte  grci^  water  b^le  is  hiCT  or  the-  flcgd  is  of  Isstg  dura- 
tioi,  this  factor  vili  tove  little  effect  eg  sutotratirs  hyarostatic 


pressure,  in  ^ig: 


rlc  data  presents  in  Fart  IV  imicate 

of  lover  Mississippi  River  levsgs 
fl«a  stone  develop*. 


toto  o'  Sam  &>i] 


to  levee  Crevasses 


ag  ifivee  syst^  ela^  the  tovgr  mssissiTOi  Biver  cafx 
start  mjw  cie*gsses  is  tte  period  between  1^5  asi  Eg 

cmise  of  six  of  toese  crevasses  was  reported  as  ss:^  bcHs."'^  It 


It  is 


pMsibio  toat  otter  ere^ss^,  causes  of  white  ^gre  listed  as  "blcwmt 
or  ”ietoom,*  say  have  te^  cawed  or  slpiificaEtly  icfiteacte  by  utee 
se^^  or  plpii^.  Duriss  tte  bi^  water  of  19^,  plptoS  r^sv«i 


sufficient  foundation  material  beneath  a levee  near  Greenville,  Miss., 
to  cause  the  levee  to  settle  several  feet.  The  levee  was  not  crevassed 
becaiise  when  it  settled,  the  channel  throu^  which  piping  was  occurring 
was  cut  off,  and  there  was  sufficient  freeboard  on  the  levee  so  that  it 
was  not  overtopped  after  settling.  The  incident  occurred  d\aring  the 
night  and  was  not  discovered  until  +he  next  morning.  This  incident  shows 
that  subterranean  erosion,  if  of  stiff icient  magnitude,  may  result  in 
gradual  or  sudden  subsidence  of  the  levee  to  the  extent  that  it  could  be 
overtopped. 

59*  Other  crevasses  might  have  occurred  as  a result  of  under- 
seepage had  not  proper  efforts  been  made.  Accounts  of  heavy  underseepage 
and  sand  boils  along  the  Mississippi  River  above  Vicksburg,  and  efforts 
to  control  them  during  the  1927  flood,  are  given  in  reference  8;  detailed 
reports  of  underseepage  along  the  Lower  Mississippi  River  levees  during 
the  1937  high  water  are  given  in  reference  39* 

60.  Vfhether  a levee  would  be  crevassed  as  a result  of  substratum 
pressures  exceeding  the  critical  gradient  and  concentrated  seepage  in  the 
form  of  sand  boils  or  piping,  without  corrective  measures,  is  practically 
impossible  to  predict.  However,  active  sand  boils  and  piping  are  a po- 
tential hazard  to  the  safety  of  a levee.  In  general,  continuous  "pipes" 
rarely  form  under  a levee  but  their  partial  formation  can  result  in 
progressive  collapse  of  the  soil  and  accelerated  erosion  which  may  ul- 
timately tindermine  the  levee.  Piping  channels  revealed  by  a test  pit  in 
a sand  boil  area  at  Trotters  after  the  I937  high  water  are  shown  in 
fig.  10. 

Analysis  of  Seepage  Flow  and  Substratum  Pressure 

Factors  and  ass'umptions 
in  seepage  analyses 

61.  The  amount  of  seepage  that  will  pass  beneath  a levee  and  the 
artesian  pressure  that  will  or  can  develop  landward  of  a levee  during  a 
sustained  high  water  are  related  to  and  can  be  estimated  frcan  a knowledge 
of  the  following  factors  and  characteristics  of  the  foundation.  The 
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Fig.  10.  Sand  boil  and  piping  channels  in  a cohesive  top  stratum, 

Trotters  Miss. 

nomenclature  used  in  this  section  of  the  report  and  in  subsequent  anal- 
yses is  illustrated  in  figs.  11  and  l8  and  is  defined  in  the  Notations 
that  precede  the  text.  Definitions  of  some  of  the  sjonbols  shown  on 
fig.  11  and/or  discussed  in  subsequent  paragraphs  are  given  here  for 
convenience. 

H , net  head  on  levee. 

, distance  from  riverside  levee  toe  to  river. 

Lg  , base  width  of  levee  and  berm. 

, length  of  foundation  and  top  stratum  landward  of  the  levee  toe 

M,  slope  of  hydraulic  grade  line,  at  mid-depth  of  pervious  sub- 
stratum, beneath  levee. 

zj^  and  and  and  > effective  thickness  and  permea- 

bility of  top  stratum  riverward  and  landward  of  the  levee,  respectively. 


Fig.  11.  Generalized  cross  section  of  levee  foundation  and 
symbols  for  seepage  analysis 


d , effective  thickness,  and  k_  , permeability  of  pervious  sub- 
Btratm. 

s , distance  from  lands ide  levee  toe  to  "effective"  source  of 
seepage  entry  into  the  pervious  substratum. 

X , distance  from  landside  toe  of  levee  or  berm  to  "effective" 
seepage-^exit. 

i^  , critical  gradient  for  top  stratum  landward  of  the  levee. 


62.  Other  factors  that  influence  computation  of  seepage  flow  and 
sixbstratiim  pressure,  but  do  not  lend  themselves  to  theoretical  analysis, 
are  stratification  of  the  foundation,  lenticular  deposits  of  silts  and 
clays  within  the  foiindation,  nonuniformity  of  the  top  stratum,  and  river- 
side or  landside  borrow  pits. 

63.  Before  any  seepage  analysis  by  means  of  theoretical  formulas 
is  possible,  it  is  necessary  to  make  certain  simplifying  assun^jtions  and 
to  generalize  the  foundation  into  a perviovis  sand  strattim  with  a specific 
thickness  and  permeability  and  a semipervious  top  stratum  with  a uniform 
thickness  and  permeability.  (However,  the  thickness  and  permeability  of 
the  top  stratum  may  be  different  riverward  and  landward  of  the  levee.) 
Seepage  may  enter  the  pervious  stratum  either  at  the  river  bank,  through 
riverside  borrow  pits,  and/or  throu^i  the  semipervious  top  stratum  river- 
side of  the  levee.  Seepage  through  the  pervious  substratum  is  assumed 
to  be  horizontal.  Flow  through  the  top  stratum,  or  bottom  of  borrow 
pits,  is  assumed  to  be  vertical.  The  levee,  impervious  or  thick  berms, 
and  the  portion  of  the  top  stratum  immediately  beneath  them,  are  assumed 
to  be  impervious.  In  most  of  the  theoretical  formulas  used  in  this  re- 
port it  is  assumed  that  the  ground-water  storage  landward  of  the  levee 

is  essentially  filled  and  that  seepage  through  the  top  stratxjm  and  in 
the  pervious  sands  is  laminar.  (However,  seepage  beneath  a levee  can 
be  conputed  from  certain  formulas  even  though  flow  throu^  the  top 
stratiun  landweird  of  the  levee  is  no  longer  laminar.) 

Determination  of  factors 
involved  in  seepage  analyses 

64.  Some  of  the  factors  involved  in  seepage  analyses  may  be  de- 
termined or  estimated  by  different  methods,  some  more  accurate  than 
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others.  Methods  of  determining  the  necessary  factors  may  include  the 
use  of  surveys,  field  explorations,  laboratory  tests,  field  pumping  tests, 
and  piezometer  systems.  Methods  of  arriving  at  n\jmerical  values  of  these 
factors,  vhich  are  subsequently  vised  in  Part  IV  in  the  analysis  of  l6 
selected  sites,  are  discussed  in  the  following  paragraphs. 

65.  Net  head  H . The  net  head  on  a levee  is  the  hei^t  of  the 
flood  stage  above  the  tailwater  or  average  low  grovind  surface  landward 
of  the  levee.  For  design  puirioses,  H is  usually  determined  from  the 
project  flood  stage  but  is  sometimes  conqputed  on  the  basis  of  the  net 
grade  of  the  levee  rather  than  the  project  flow  line. 


66.  Distance  from  RS  levee  toe  to  river  bank  L,  . The  distance 


can  usually  be  obtained  from  maps. 


67.  Base  width  of  levee  and  berm  Lg  . The  factor,  Lg,  can  be 


determined  from  known  dimensions  of  the  levee  or  by  direct  measuren^nt. 


68.  Length  of  top  stratvun  landward  of  levee  toe  . Often 


changes  in  geology  and  topography  will  limit  the  emergence  of  seepage  to 
a definite  area.  For  example,  a wide  clay-filled  channel  immediately 
landward  of  the  levee  may  largely  prevent  the  emergence  of  seepage  beyond 
its  neeur  edge.  If  the  ground  surface  should,  rise  sharply  some  distance 
landside  of  the  levee,  seepage  that  comes  to  the  surface  must  do  so  be- 
tween the  levee  toe  and  the  rise  in  grovind.  If  such  a blocked  exit  exists. 


it  must  be  taken  into  accovint  in  seepage  analyses.  If  the  distance  L- 


to  the  blocked  exit  is  greater  than  1.5  times  the  "effective"  seepage 
exit  length  x^  , the  presence  of  the  block  may  be  ignored  as  its  effect 
on  substratum  pressures  landward  of  the  levee  will  be  less  than  10^.  The 


distance  to  such  a block  in  the  landward  seepage  pattern  L^  can  be  as- 


certained from  field  reconnaissance,  geological  stvidies,  aerial  mosaics, 
borings,  and/or  topographic  maps. 

69*  Slope  of  hydraulic  grade  line  beneath  levee  M . The  slope 
of  the  hydraulic  grade  line  in  the  perviovis  substratum  beneath  a levee 
can  best  be  determined  from  readings  of  piezometers  located  beneath  the 
levee  where  the  seepage  flow  lines  are  essentially  horizontal  and  the 
equipotential  lines  vertical.  M can  be  determined  from  piezometer  read- 
ings obtained  during  high  water  and  the  relation 
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where  Ah  is  difference  in  piezometer  readings,  and  't  is  horizontal 
distance  between  piezometers.  However,  this  formula  is  not  valid  until 
artesian  flow  conditions  have  developed  beneath  the  levee. 

70.  The  tips  of  piezometers  should  always  be  installed  in  clean 
sand.  If  a piezometer  at  the  toe  of  the  levee  or  berm  is  to  be  used  for 
detennination  of  M , s,  or  , the  tip  should  be  located  at  about  the 
middle  of  the  pervious  substratvim  so  as  to  measure  the  average  head  in 
the  pervious  aquifer.  If  the  tip  of  a piezometer  at  the  toe  of  the  levee 
is  at  or  near  the  top  of  the  pervious  substratum,  a correction  must  be 
added  to  the  reading  to  obtain  the  hydrostatic  head  at  the  middle  of  the 
aquifer  for  determination  of  M,  s,  or  (see  paragraph  I32). 

71.  The  hydraulic  grade  line  as  determined  in  the  field  from  pi- 
ezometer readings  is  the  most  reliable  method  for  determining  M and 
the  effective  seepage  entrance  and  exit.  M is  also  of  use  in  computing 

the  quantity  of  seepage,  Q , passing  beneath  the  levee  from  the 

s 

formula 

Q = M k-d  per  unit  length  of  levee  per  unit  time  . (2) 

w X 


72.  Effective  thickness  z^  and  permeability  k^  of  top  stratum. 
The  thickness  of  the  top  stratum  both  riverward  and  landward  of  a levee 
is  of  paramount  importance  in  a seepage  analysis.  It  is  usvially  deter- 
mined by  means  of  auger  borings  with  samples  taken  at  3-  io  5-ft  intervals 
and  at  changes  in  strata.  A few  undisturbed  samples  of  tyiucal  top 
stratum  soils  are  sometimes  taken  for  permeability  tests.  The  spacing 
of  top  stratum  or  blanket  borings  depends  on  the  potential  severity  of 
the  underseepage  problem,  the  surface  geology  of  the  area,  and  variations 
in  characteristics  and  thickness  of  the  top  stratum.  The  borings  should 
be  laid  out  along  the  landside  toe  of  the  levee  or  berm  so  as  to  sample 
the  basic  geological  features,  with  intermediate  borings  for  check  pur- 
poses. Also  sufficient  borings  should  be  made  to  delineate  the  thickness 
and  extent  of  any  geological  features  os  far  as  5C0  ft  landward  of  the 
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levee  toe  that  may  significantly  affect  the  seepage  analysis.  The  thick- 
ness of  top  stratum  remaining  in  the  bottom  of  manmade  ditches  landward 
of  a levee  should  be  determined.  Good  aerial  mosaics  of  the  area  to  a 
scale  of  1 in.  = UOO  to  1000  ft  are  indispensable  for  making  a proper 
layout  of  blanket  borings.  The  final  layout  should  also  be  checked  in 
the  field  before  the  borings  are  started.  A minimum  average  spacing  of 
500  ft  is  necessary  for  borings  along  the  toe;  however,  where  there  is 
likely  to  be  an  underseepage  problem,  spacing  of  100  to  250  ft  is  fre- 
quently required  to  delineate  the  thickness  and  characteristics  of  the 
tc^  stratum. 

73*  Characteristics  of  the  riverward  top  stratum  are  usually  es- 
timated from  a few  riverside  borings  and  by  extrapolation  of  borings 
made  on  the  landside,  together  with  a study  of  aerial  mosaics.  VJhere 
the  top  stratum  riverward  of  the  levee  has  been  reduced  in  thickness  in 
riverside  borrow  pits,  the  thickness  of  the  remaining  blanket,  if  any, 
should  be  determined  by  shallow  borings,  or  estimated. 

74.  As  discussed  in  Part  II,  the  top  stratum  is  seldom  composed 
of  one  type  soil.  Instead,  it  usually  consists  of  several  layers  of  dif- 
ferent soils.  If  the  in-situ  vertical  permeability  of  each  soil  is  known, 
it  is  possible  to  transform  the  various  layers  into  a single  stratum  of 
a certain  thickness  euid  effective  permeability  as  illustrated  in  fig.  12. 
Variations  in  the  soil  profile  even  over  short  reaches,  and  difficulties 
in  determining  the  in-situ  permeability  of  blanket  soils  preclude  a pre- 
cise determination  of  a generalized  top  stratum  with  a specific  thickness 
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Fig.  12.  Computation  of  vertical  permeability  of  tc^  stratum 
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and  permeability.  However,  if  good  judgement  is  exercised  in  the  selec- 
tion of  these  values,  reasonably  accvurate  seepage  analyses  can  be  made, 
and  seepage  control  measvires  can  be  designed  satisfactorily. 

75*  in-situ  permeability  of  clay  strata  in  the  top  blanket  is 
related  to  the  thickness  of  clay,  whether  or  not  it  is  at  or  near  the 
surface  or  covered  by  natural  levee  deposits,  and  to  a large  extent  to 
the  presence  of  root  holes,  shrinkage  cracks,  minute  fissures,  and  bur- 
rows of  crayfish  and  small  animals.  Flow  tqo  through  relatively  thin  (<5 
ft)  clay  strata  near  the  surface  is  generally  throu^  these  channels 
rather  than  throu^  the  pores  of  the  soil.  Tests  on  small  samples  of 
clay  in  the  laboratory  measvure  the  periieability  of  the  pores  in  the  soil 
mass  and  are  not  usually  indicative  of  the  permeability  of  clay  strata 
at  or  near  the  surface.  A clay  top  stratum  landward  of  a levee  is  con- 
sidered more  pervious  during  high  water  than  one  on  the  riverside  because 
of  the  flushing  action  of  seepage  rising  throu^  small  channels  to  the 
surface  on  the  landside  whereas  on  the  riverside  such  small  channels 
tend  to  silt  up. 

76.  The  in-situ  vertical  permeability  of  semipervious  soils  such 
as  silty  sand,  sandy  silt,  and  silt  can  be  determined  reasonably  accurately 
from  laboratory  tests  on  xindisturbed  samples  as  the  flow  through  these 
soils  is  usually  laminar  tinless  sand  boils  have  developed  in  the  area. 

77*  In  the  computation  of  seepage  flow  and  landward  substratum 
pressures,  the  effective  vertical  permeability  k^  is  the  average 
permeability  of  the  strata  that  make  up  the  top  stratum  as  long  as  the 
seepage  flow  is  laminar.  The  effective  permeability  can  be  estimated 
from  the  following  formula 


V - 1 


V - 2 


V - 3 


Examples  of  computations  to  determine  k.  are  shown  in  fig.  12. 

D 

78.  The  top  stratum  may  also  be  generalized  into  a blanket  of 
uniform  vertical  permeability  with  a specific  effective  thickness  by 
transforming  the  actual  thickness  of  various  strata  to  another  thickness 


with  a certain  permeability,  as  illustrated  in  the  examples  below  and 
in  fig.  13. 
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Thickness 

Transfomatlon 


Actual 

Factor 

\ 

Transformed, 

strata 

z k X 10  cd/scc 

n V - n * 

=T)  - n 

a 1 X 10  cm/sec 

Clay 

5 ft  1 

1.0 

5.0 

Sandy  silt 

8 ft  2 

1/2 

4,0 

Silty  sand 

5 ft  10 

1/10 

0.5 

Top  stratum 
thickness  z = 

18  ft 

— 

Transformed  = 

9.5 

This  procedtire  for  generalizing  the  top  strata  into  a blanlcet  of  uniform 
vertical  characteristics  for  seepage  analyses  is  the  one  subseq^uently 
used  in  the  analysis  of  the  data  from  the  piezometer  sites,  and  in  tht, 
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investigation  of  underseepage  along  the  levees  in  the  St.  Louis  District. 
Transformation  factors  used  in  the  St.  Louis  District  studies,  which  were 
based  to  a considerable  extent  on  data  from  the  16  piezometer  sites,  are 
given  in  table  1.  The  basis  for  the  transformation  factors  given  in 
table  1 is  subseqviently  discussed  in  Part  IV. 

79.  Of  equal  importance  is  the  thicliness  of  the  landside  top 
stratum  to  be  used  in  determination  of  the  allowable  pressure  beneath 
the  top  stratum  for  design  of  seepage  control  measures.  This  effective 
thickness  z may  or  rosy  not  be  the  same  as  that  used  in  seepage  analyses. 
V/here  the  most  in^pervious  soil  is  at  the  ground  surface,  the  effective 
thickness  computed  by  transforming  the  voiious  conponents  of  the  top 
stratum  to  one  thickness  of  a single  permeability,  as  illustrated  in 

fig.  12,  is  also  satisfactory  for  conqputation  of  the  maximum  allowable, 
or  critical,  substratum  pressure  (see  Case  I,  fig.  I3).  If  semipervious 
material  overlies  less  pervious  material  as  in  Case  II,  fig.  13 j the  ef- 
fective thickness  z^  as  regards  critical  iqjlift  is  the  total  thickness 
above  the  bottom  of  the  less  pervious  strata.  This  thickness  may  be 
considerably  greater  than  the  transformed  thickness  z^  for  computation 
of  "effective"  seepage  exit  length  (see  fig.  13). 

80.  kJhere  the  top  stratum  is  comprised  of  alternating  strata  of 
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Fig.  13.  Transformation  of  top  strata 


Table  1 

Sickness  Transfonsatloti  Factors  for  Top  Strata 


Soil 


Clay 

Silly  clay 
Clay  silt 
San^  silt 
Silty  sand 
Veiy  fine  sand 
Al-temating  cl^ 
and  silt  strata 
■with  dep'th 


Clay 

Sil'ty  clay 
Clay  silt 
Sandy  silt 

Silty  sand 
Very  fine  sand 
Alternating  cl^ 
and  silt  stra-ta 
vi-th  dep'th 


Unified  Soil 
Class.  System 


Transformation  Factor 


Clay  less  than  5 ft  in  Thickness 


Fat  clay  (CH) 
Lean  clay  (CL) 
Silt  (HL) 

Silt,  sandy  (HL) 
Silty  sand  (SH) 
Fine  sand 


1 

1 

1 

3/4  to  1 

1/5  if  z < 10  ft;  0 if  z > 10  ft 
0 
1 


Clay  wore  than  5 ft  in  Thickness 


Fat  clay  (CH) 
Lean  clay  (CL) 
Silt  (ML) 

Silt,  sandy  (HL) 


Sil'ty  sand  (S14) 
Fine  sand 


lA  to  1/2  if  z < 10  ft;  0 if 

z > 10  f t 

1/10  if  z < 10  ft;  0 if  z > 10  ft 
0 
1 


varying  perviousness  as  in  Case  III,  fig.  13,  the  effective  -thickness  for 
confuting  effective  exit  length  is  the  -transfon^  thickness  z^  . Ihe 
■thickness  for  critical  irolift  considerations  z*  is  usually  based  on  -tlie 
•tctal  thickness  of  the  various  strata  overlying  -the  base  of  the  least 
perviotis  stratum  added  to  -the  transformed  thickness  z^  ^ of  ’.mder- 
lying  more  pervious  -top  stra'ta. 

81,  !Hie  effeeti-vB  -wertical  pens^abili-ty  of  the  tap  strat^a 

landward  of  a levee  can  also  be  c(xq>uted  from  obser^^  hyirostatic  beads 
beneath  Uie  landside  tcp  stratum,  together  vi^th  seei^e  measureirents, 
and  the  following  formula: 


82.  !Ehe  penraablllty  of  the  top  blanket  can  also  be  «^^ted 

froa  known  characteristics  of  the  pervious  foundation  aM  the  effective 
seeps^  exit  as  determined  froa.  the  hydraulic  grade  lira  in  the  per- 
vious fouj^tion  besMath  the  levee  using  tls  following  formulas: 

Where  = « , 


k.  T = 

dL 


%L  ^f 


Where  = a finite  distance  , 


c tanh 


vhere 


^f 


In  foisulas  6 aM  7 bas  to  be  determined  by  trial  aitt  error,  (if 

~ — is  less  -Uian  IGO  to  500,  the  val\^  of  '£^j_  cossaited  frcs  will 
‘*bL 

be  gUghtly  Iw,  t^cause  of  loss  in  l^ad  up  “Uirtxigh  ths  anjiifer  at 
freely  seeping  sites.) 

83.  In  mkir.g  a final  feteralmtion  of  U>e  effective  thickmss  am 
pemmability  of  tte  top  strataia  it  is  mcessary  to  consiter  tl»  charac- 
teristics of  tm  top  stratus  lajrfwajrd  of  tte  levee  toe  for  a distanm  of 
at  least  200  or  300  ft.  It  is  also  mcesssry  to  e^Ve  certain  averaging 
assusptions  vtere  ^ological  and  soil  eolations  are  reasonsdjly  similar. 
Biin  or  critical  ^»ts  shmld.  be  given  considermle  wei^t  in  arriving  at 
such  averages. 

Qh,  In  see^^  analyses  tte  variwis  layers  of  soil  sfUclng  the 
t<g>  stra'his  gemraUy  ere  transforsed  to  a single  blanket  with  a i^mea- 
bllity  e<iusl  to  ttist  of  ttie  TOst  iig)erviou3  stratum.  Ihis  procedjire  was 
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used  in  arriving  at  the  top  stratus  thicfeiesses  shown  «m  Urn  surface 
geology  taps  for  the  l6  piez<®eter  sites,  and  in  analyses  of  these  sites. 

85.  ^here  l»rrov  pits,  ditches,  or  channels  exist  witiiin  SQQ  or 
3C0  ft  of  the  laMside  levee  toe,  the  thidmess  of  top  stratus  used  in 
c(S!gn£ting  seepage  flows  end  suhstratus  pressures  should  based  <m  ti^ 
thi<Aaess  of  the  t<^  stratua  adjacent  to  the  ditch,  unless  the  ditch  or 
borrow  pit  is  very  wide.  Bie  allowable  critical  substratun  pressure  cust 
be  c<»?uted  for  lx>th  the  thictaiess  of  the  top  stratvsa  at  the  toe  of  the 
levee  aM  in  the  lx)ttCa3  of  ti^  ditch.  5he  s»re  critical.  c®jditicni  or 
pressure  will  d^^nd  on  ti^  depth  aai  locaticsi  of  the  ditch. 

86.  Effective  thickness  d and  permeability  of  lerviots 
sidsstratua.'  Ihe  thickness  of  the  ^rvlOt^  substsatus  usually  is  defined 
as  the  thickness  of  the  principal  seepage-carrying  said  stratus  t^low 
the  top  steattss  aid  above  t2^  bott<a  of  He  entrenched  valley  (see  fig. 

11).  It  1^'  be  deterrrined  by  means  of  deep  borings  or  a c<sbinatico  of 
shallow  *K>rings  aid  seisaic  or  electrical  resistivity  surveys.  (33^ 
thicki^ss  of  very  fine  sand  strata  of  low  i^rseability  that  frequently 
exist  between  the  top  stratus  aid  Hie  principal  said  aquifer  is  uswslly 
ignored  in  seepage  aid  pressure  cc^ixtatiuis.)  !nie  thickness  of  iidi- 
vidual  said  strata  within  the  princi^l  said  aquifer  mist  be  obtali^ 
individual  deep  Ixizin^  over  the  area.  | | 

67.  The  average  horizaital  Teroeabili-ty  k^  of  the  ^rvioim  sub-  j j 

stmbra  is  lest  detemined  by  ssans  of  a field  tracing  test  cm.  a i^ll  * 5 

that  fully  ^i^trates  Hie  pervious  aquifer.  Sixd  tests  shoiud  inclide  | 

detemi  nati<a.  of  veil  flow  for  two  or  three  different  drawdowns,  tte  * 

draidown  cisve  cut  frm  ti^  test  wen  aid  the  radius  of  influence.  Wiere  ! 

feasible.  Hie  flow  in  Hie  well  should  le  assured  by  ^ans  of  a veil  flow 
ceter^^  at  mjor  changes  in  said  strata.  For  soil  cnditicms  usually 
existing  la  the  Loier  Kississi^i  River  Valley,  the  j^rmeabili'^"  of  the 
per-.-icu3  sdistratua  is  test  cctput^  frc»  Hie  following  formula  tor 
artesian  How.  (!me  straHa  aai  fine  saids  are  usually  so 

less  pervious  then  Hm  uzderlying  deeper  saids  that  H»y  in  effect  create 
an  i^er  Ir^rvlous  txnraiary.  Ihe  lower  is^rvlous  ^wsdaiy  is  fon^ 
by  Hie  de^  Tertiary  mterlals.) 


2s  k^d  - bg) 
_ 

2.30  iog^Q  — 


2-300^  ic^- 

“f  2s  a (b,  - h ) 


Where  ii^  ^raeabilities  of  different  sand  slacats  in  the  -per 
vious  substrafen  are  significantly  different,  as  illustrated  in  fig. 

^nseabiliiy  ot  imividual  sai^  strata  can  be  cor^ited  fits  tis  dif 
fereace  in  the  veil  flnvs  in  tie  screen  at  the  bo^gaaries  of  t!^  said 
stratas  leing  tes'ted  using  tl^  fomula  oa  following  pa^. 


SECTION  A-A 


Fig.  1^.  Artesian  flow  to 


"r(a) 


2^ 


kg 


(Sb) 


The  iMtosd  used  in  the  field  pusping  tests  i^e  in  St.  Louis  and  »aw 
Orleans  Districts  to  detemine  both  the  avera^  ^rceabiUty  aM  the 
perssability  of  iMividual  sand  sfeata  of  the  pervious  agaifer  ai^  the 
results  of  tfeise  tests  are  giyen  in  Aapei^lx  C.  abere  only  grain  size 
or  Moratory  tsrrae^iliiy  test  data  are  available  for  different  saM 
strata,  the  average  k_  can  be  ct^^uted  frtss  the  following  fomula: 


i- 


i- 


d 


d + d. 
a o 


+ d 
c 

+ d 
c 


(9) 


69.  2^  averse  iasriz^tal  i^iseabili'^  can  also  te  detemined 
fress  pisping  tests  sm  partially  pK»trati2g  laf.lls  ly  using  straigjit 


line  portion  of  the  dra-i^cwn  curve  (with  r plotted  to  a sesilog  scale) 
scsse  distance  frca  the  *i«ll  ■sd^ro  flow  lit^  to  the  well  are  essentially 
borizoortal  and  are  not  affected  by  the  curved  pattern  of  flow  in  the 
vicinity  of  the  well,  ai^  wsticm  8a.  If  the  j«rvlous  status  is  hoDO- 
0ixsoos  aid  ky  » ^ , the  average  ^rceability  can  be  ^proxi  rated  frcs 
equation  8a,  paUfi^  as  follows: 


2.^ 


V ^*^0  r 

V 


2a  d b G 


(8c) 


idsre 

G = ratio  of  flar  of  a partially  ^aetrating  to  a fully  peiMtratins 
wbH  c<n:^ted  frm  ISiskat's  fomula  as  detemined  fits  fig.  I5. 

SO.  kbai  it  is  KJt  pwsible  to  determne  k^  frte  pishing  tests, 
it  my  estimt^  ftes  cechanical  analyses  or  laboratory  wimeability 
tests  « sai^los  of  sand  taken  by  neans  of  a Shelby  tube  or  split  cpX5n 
s^gjlcr  in  a "«dd^"  hole,  or  a piston-tyTO  bailer-  If  no  is 

present,  nearly  isdisterted  samles  of  sand  can  tc  obtaiiiM  with  a Sl^lby 
bdse  s^^lcr  in  a "odaeJ"  l»le.  next  test  saM  sasples  are  obtained 


? 


with  a pist<w-^'pe  bailer. 


Sallies  taken  with  eitter  a Shelby  tate  or 


«CU  rCNlTMTION  IN  rCRCCNT 

Pig.  15.  Rexation  between  flow  from  a partially  penetrating  artesian 
well  in  a homogeneous  foundation  and  from  a fully  penetrating  well 

split  spoon  saispler  in  holes  bored  with  drilling  mx«a  must  be  thoroughly 

and  carefully  washed  of  all  drilling  mud  before  testing.  The  relation 

of  the  effective  grain  si7-c  of  sand  samples  taken  by  bailer  samplers 

at  the  piezometer  sites  to  the  permeability  of  remolded  sand  samples  as 

detenninGd  in  the  laboratory  , and  adjusted  to  a temperature  of  20  C 

and  an  assumed  void  ratio  e of  O.6O,  is  shown  on  plate  244.  Since 

48 

plate  244  was  prepared,  a relationship  has  been  found  ^ between  D^q 
and  p for  ssnd«  in  the  lower  alluvial  valley,  as  shown  in  fig.  16, 
which  permixs  a more  accurate  estimation  of  the  in-situ  void  ratio  than 
assuming  e .=  0.60. 

91.  The  pumping  tests  described  in  Appendix  C have  shown  that  the 
actvu-1  horizQ.,tal  permeability  of  a sand  stratum  is  I.5  to  4 times  greater 
than  the  permeability  indicated  by  laboratory  tests  on  remolded  samples 
taken  by  any  of  the  previously  mentioned  sampling  methods.  An  appro'' 
imate  empirical  relationship  between  and  k^j  developed  from  the 

data  in  Appendix  C is  shovm  in  fig.  17.  If  field  pumping  tests  are  not 
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Fig.  l6.  Grain  size  D_  vs  natural  void  ratio  e 
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performed,  it  is  believed  that  the 
horizontal  permeability  of  a sand 
stratum  can  be  estimated  more  ac- 
curately from  fig.  17  than  from 
either  plate  2kk  or  from  labora- 
tory permeability  tests  on  re- 
molded samples. 

92.  The  average  horizontal 
permeability  of  the  pervious 
strata  beneath  a levee  can  also 
be  estimated  from  the  hydraulic 
grade  line  beneath  the  levee  and 
total  seepage  passing  beneath  the 
levee . 


or 


0,^  = k^.  M d 


k = 
f M d 


(2) 

(2a) 
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Fig.  17.  In-situ  horizontal  permea- 
bility VG  effective  grain  size 


v;here  the  rate  of  seepage  flov?  per  unit  length  of  levee  emerging  in 
area  A is  measured,  the  permeability  of  the  pervious  sub^'^ratum  can  be 
con5>uted  from  the  formula 
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(M  - M^)  d • 


(2b) 


93-  Effective  soxrrce  of  seepage  entry  s . The  effective  source 
of  seepage  entry  into  the  pervious  substratum,  as  illustrated  in  fig.  11, 
is  defined  as  that  line  riverward  of  the  levee  vhere  a hypothetical  open 
seepage  entry  face  fully  penetrating  the  pervious  aq^uifer  with  an  imper- 
vious blanket  between  this  line  and  the  levee  would  produce  the  same  flow 
and  hydrostatic  pressxire  beneath  and  landward  of  a levee  as  will  occvu: 
for  the  actual  conditions  riverward  of  the  levee.  It  may  also  be  defined 
as  that  line  or  point  where  the  hydraulic  grade  line  beneath  the  levee 
projected  riverward  with  slope  M intersects  the  river  stage. 

9^.  The  best  and  most  accurate  method  for  determining  the  distance 
from  the  landside  levee  toe  to  the  effective  source  of  seepage  entry 
(s  = + Lg)  is  to  project  graphically  the  hydraulic  grade  line  M be- 

neath the  levee,  as  measured  by  piezometers  installed  in  the  pervious 
substratum  beneath  the  levee,  until  it  intersects  the  river  stage  pro- 
ducing the  gradient.  The  value  of  s can  also  be  determined  from  piezo- 
metric data  using  the  following  equations  (see  fig.  l8  for  nomenclature): 

(■L  - -L) 


(10) 


Before  equations  10  and  10a  are  valid,  the  pervious  stratum  beneath  the 
levee  must  be  satiorated  or  artesian  flow  conditions  established.  These 
methods  of  determining  s automatically  integrate  the  many  rather  in- 
determinate factors  that  influence  the  entry  of  seepage  Into  the  pervious 
substratum,  and  were  used  for  determining  the  sotrrce  of  seepage  at  the 
l6  piezometer  sites  discussed  in  Bart  IV.  Design  values  of  s or 
determined  from  piezometer  readings  • should  be  based  on  the  highest  river 
stages  for  which  piezometer  data  eu-e  available  or  extrapolated  from  plots 
of  s or  vs  river  stage  as  Illustrated  in  Bart  IV. 

95*  If  the  distance  to  the  river  (fig*  H)  is  known 

and  there  are  no  riverside  borrow  pits,  the  distance  to  the  effective 
source  of  seepage  entry  s = x^^  + can  be  estimated  from  the  follow- 
ing formula; 

tanh  c L, 


where 


/ 


(11a) 


Where  a block,  or  wide,  thick  deposit  of  clay  exists  a certain  distance 
riverward  of  a levee  so  as  to  prevent  any  entrance  of  seepage  into  the 
foundation  beyoi^  that  point,  the  distance  to  the  effective  source  of 
seepage  s « x^^  + can  be  estimated  from  the  following  equation  for 


^1  “ c tanh  cLj^ 


where 


distance  from  riverside  toe  of  levee  to  the  block. 


Where  two  guide  levees  parallel  a tributary  stream  or  a floodway  channel, 
and  seepage  into  the  fovindation  is  divided  and  the  bottom  of  the  tribataiy 


stream  or  channel  does  not  e)q)ose  foundation  sands,  can  also  be  com- 
puted from  equation  12  wherein  equals  half  the  distance  between  the 

riverside  toes  of  the  levees.  (The  term  c in  equation  12  would  be  com- 
puted from  equation  11a.)  The  above  described  condition  is  typical  of 
flanlc  or  guide  levees  along  tributaries  of  the  Mississippi  River  between 
Alton  and  Gale,  111.  (St.  Louis  District) 

96.  V/here  riverside  borrow  pits  have  been  dug  causing  most  of  the 
impervious  stratum  over  a considerable  area  to  be  removed,  and  the  pits 
become- the  primary  entrance  for  seepage,  s may  be  estimated  from  equa- 
tidh  12  where  and  are  values  for  the  top  stratum  ^remaining 

in  the  bottom  of  the  borrow  pit  or  as  illustrated  in  fig.  19«  If  the 
flow  downward  throvigh  the  bottom  of  the  borrow  pit  (stratum  l)  and  the 
upper  strata  of  silty  sand  (stratm  2)  as  shown  in  fig.  I9  is  assumed  to 
be  vertical,  the  thickness  of  these  strata,  and  Zg  , nay  be  con- 
verted into  equivalent  lengths,  and  s'g  , of  foundation  with  a 

depth  of  d and  permeability  of  k^  . For  the  conditions  shown  in  fig. 
19 > Q = = Qo  • Replacing  top  strata  1 and  2 in  the  borrow  pit  with 

an  equivalent  length  of  foxmdation: 


®1  ^ 0.5  X lo" 


X ~ X 2 = 1333  ft 


X A . z,  =522JLi4  , 10  - 333  « . 


“ ‘V  - 2 “2  10  X 10 

The  effective  distance  s from  the  landside  toe  of  the  levee  to  the  ef- 
fective seepage  entrance  assuming  an  impervious  top  stratum  and  all 
horizontal  flow  to  be  carried  by  the  more  pervious  foundation  stratum  is 


rijo' j—  — — 


Fig.  19.  Estimation  of  effective  source  of  seepage 
where  riverside  borrow  pits  exist 


s = L, 


+ -rr  + s’,  + s’. 


'2  T 


s = 300  + ^ + 1333  + 333  » 204o  ft  . 


97*  Distance  from  landside  levee  toe  to  effective  seepage  exit 
Eie  effective  seepage  exit  is  defined  as  that  line  or  point  landward  of  th 
levee  where  a hypothetical  open  drainage  face  and  an  impervious  blanket 
between  this  point  and  the  levee  toe  would  result  in  the  same  hydrostatic 
pressure  at  the  levee  toe  and  would  cause  the  same  amount  of  seepage  to 
pass  beneath  the  levee  as  woxild  actiially  occur  for  existing  conditions. 

The  distance  x^  to  this  point  is  the  intersection  of  an  extension  of 
the  hydraulic  grade  line  beneath  the  levee  with  the  groimd  surface  or 
tailwater  (see  fig.  ll).  The  best  way  to  determine  x^  is  by  means  of 
piezometers  installed  in  the  pervious  substratum  beneath  a levee  using 
the  following  expression  (see  fig,  18  for  nomenclature): 


X3  = h^ 


^3  " M "^1  ' 


(Ika) 


As  Xj  may  vary  with  river  stages  as  seepage  develops,  x^  should  be 
plotted  vs  river  stage,  and  the  estimated  maximum  value  obtained  from  a 
curve  of  best  fit  should  be  used  for  seepsige  analyses. 

98.  The  distance  to  the  effective  seepage  exit  can  also  be  esti- 


mated from  blanket  formulas: 


where  = « 


1 - 
^3  = c = 


^^f  hL  ^ 


where  = finite  distance  to  a block 
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vhere  L^  = finite  distance  to  an  open  exit 


tanh  c 1. 


^3  = 


'1 


(17) 


99*  Ihe  relationship  between  c and  the  effective  seepage  exit 
length  x^  where  the  semipervlous  tc^  stratum  is  infinite  in  landward 
extent  (case  5>  fig*  23)  has  been  computed  from  equation  15  and  plotted 
in  fig.  20  for  various  values  of  assuming  d - 100  ft  . Eie  x^ 

corresponding  to  values  of  d other  than  100  ft  can  he  computed  from  the 
equation 


X3  ^^3(d  = 100) 


(18) 


i 


100.  Where  the  landside  top  stratum  has  a finite  length  with 

either  a block  or  open  seepage  exit  at  (see  fig.  23,  cases  6 and  7, 
respectively),  the  effective  exit  length  can  be  computed  either  from 
equation  16  or  17  or  by  multiplying  by  the  factor  shown  in 

fig.  21.  Figs.  20  and  21  can  also  be  used  to  evaluate  the  effective 
length  of  riverside  blanket  x^  by  using  , and  kj^^^  for  , 

, and  kjjj^  , respectively. 

101.  Combinations  of  s and  x^  . Various  combinations  of  s and 
x^  for  use  in  the  design  of  underseepage  control  measures  can  be  esti- 
mated from  the  reading  of  a single  piezometer  at  a fairly  high  river 
stage,  by  determining  the  distances  to  the  source  of  seejjage  entry  and 
the  effective  seepage  exit  required  to  create  an  h^  equal  to  the  ob- 
served head  at  the  toe  of  the  levee.  !Hie  distance  to  the  source  of 
seepage  can  be  estimated  frran  reaches  where  piezaaeters  have  been  in- 
stalled perpendicular  to  the  levee  and  where  riverside  soil  conditions 
are  of  a similar  nature. 


102.  Ratio  • The  ratio  can  be  ccm5)uted  from  equa- 

tions 5-7  and  values  of  x^  determined  from  the  hydraulic  gradient  be- 
neath the  levee  without  knowing  either  k^  or 

103.  Critical  gradient  1 . Ihe  critical  gradient  required  to 
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FOR  BLOCKED  EXITS  WHERE  -V*  ~ **  > 

*•3 

X,  FOR  FINITE  Lj  X,  FOR  L, 
THE  FACTOR.  -^3  »R  L3  - ^ 

VALUES  OF  X3  FOR  L,  - - CAN  BE  OBTAINED 
FROM  FIG.  20. 
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Fig.  21.  Ratio  between  for  blocked  or  open 

e^ts  and  x_  for  = » 
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cause  saM  1)0118  or  heaving  or  flotation  of  the  top  stratum  is  tisually 
defined  as  laie  ratio  of  the  submerged  unit  vei^t  of  the  soil  7*  c<xa- 
prislng  "Uie  top  stratum  and  the  unit  weight  of  vater  7^  , or 


Hcmsogeneous  soils  have  the  following  approxinate  liieoretical  critical 
gradients: 

Soil  gype ^c 

Silty  sand  and  silts  O.85 

Silly  clay  and  clay  O.8O 

104.  Hie  critical  gradient  reauired  to  cause  saM  boils  in  tlK 
field  can  best  te  determined  by  measuring  the  hydrostatic  head  reneath 
the  top  stratum  at  the  time  saM  Ixiils  first  ap^ar.  In  this  nsthod 
i^  is  determined  tras  -tbe  following  formula: 


Critical  gradients  as  i^asured  in  the  field  at  scss  of  the  piezcseter 
sites  are  discussed  in  Parts  IV  ai^  V. 

Formulas  for  ccrgiutation  of 
seepe^  flow  and  sub- 
stratum  hydrostatic  pressures 

105.  fegineers  frequently  are  required  to  pr^ict  the  severi-^  of 
uMerseepage  at  sites  where  piezo^tric  data  ai^  seepage  measursr^nts 
are  not  availeble.  Rn  estimate  of  seepage  flow  at^  substratimi  pressures 
can  be  made  froa  Eathesatical  formulas,  provided  soil  ct^iti^is  at  the 
site  are  Imovn.  Formulas  for  estimating  the  bead  laaiw^d  of  and  seepage 
beaeali  sir^lified,  generalized  secticas  of  levees  and  fouMaticm  soils 
existing  in  the  Lower  Mississij^i  River  Valley  are  giren  in  follow- 
ing paragrarfis.  Ihese  fonailas  were  also  us^  in  analyzing  pieztastric 
ai^  seepage  data  fraa  liie  sites  discussed  in  Part  IV.  It  is  ei^iasiz^ 
that  the  accuracy  of  the  resiiLts  obtained  froa  the  formulas  presented  is 
d^esdent  the  applicability  of  tte  formula  to  the  coi^itim  being 


ai»lyzed,  tiniforai^  of  soil  conditions,  ai^  evadiiatioa  of  the  var- 
ies factors  involved  in  the  ccesaitations. 

206.  For  a levee  urderlain  by  a pervious  foui^tion,  tbs  nat^iral 
seepa^  Q per  unit  lengiii  of  levee  can  ejQsressed  by  the  foUcsiag 
^neral  fonssila 

^ H . (21) 

!ais  equation  is  valid  provided  -tiie  sssu:g>tions  on  imicb  Dar<y*s  lasr  is 
2»sed  are  set.  satheaetical  expression  for  $ di- 

aensions  of  tte  generalized  cross  section  of  trs  levee  and  foui^tion, 
the  characteristics  of  the  top  stratum  riverward  and  lazsnrard  of  the 
levee,  and  ]^rvl<ais  substratua.  ^heie  tbe  hydraulic  grade  lim  K 
beceatti  tte  levee  is  k^nra  froa  piez<x^ter  readings,  seet^ge  lassing 
math  tbe  levee  czn  alsrays  be  detersdn^  froa  the  forsula 


d per  unit  lecgtti  of  levee  per  unit  l^jae  . 


107*  Ihe  excess  hydrostatic  h^  bsi^a^  tl^  top  strafea  at 

tbe  lai^ide  toe  of  the  levee  is  related  to  i^t  i^ad  on  levee, 

the  dlaensions  of  levee  and  four^tioa,  perseabHity  of  ti^  f<wsda- 

tion,  and  character  of  tbe  top  stratea  rivervard  ai^  lanffirard  of  tte 

levee,  head  h^  can  be  esoressed  as  a ftinctioa  of  the  i^t  head  H 
o 

as  si&sequently  shcwii  in  this  ^port. 

108-  B>s  l^ed  h^  l^neath  lie  top  stratus  at  a distant  x lam- 
ward  fros  tie  landside  tm  of  the  levee  can  be  ej^ressed  in  -terrs  of  tte 
net  head  H aai  distanm  x , altlKJugh  it  can  be  mre  conveniently  re- 


lated to  the  head  h^  at  the  levee  toe.  Wr^n  h 

o 3 


is  expressed  in  terns 


of  h^  it  der^nds  only  upon  tyj«  exA  tbickmss  of  blaidst  am 
pervlms  fmu^tion  landward  of  tte  levee;  ratio  b Is  i^^^nlea 
of  mictions  rlverward  of  tte  levee.  Egressions  for  "Uie  mtio  h 
for  varlms  typical  conditions  are  presented  subsequentty. 

11^.  Egressions  for  $ , h^j/H  , aid.  h f^*v  typiml  levee 
and  fmndatlon  conditions  along  tte  Lower  Hississlj^i  River  are  Uscussed 
in  f<Alcwlcg  ^ragmphs. 


6l 


110.  Bo  top  strafasa.  a le’.iee  is  fcuncLed  directly  oa  per?tois 

fom^tlon  sands  and  m top  stratun  exists  eiti^  riveniard  or  laz^'srd 

of  the  levee  (see  fig.  22,  case  l),  the  seej^ge  Q per  unit  length  of 

0 

levee  can  he  detersiaed  frts  eqtati^  21 
in  vhich 


excess  hydrostatic  head  lai^vard  of  tl^  levee  at  tls  top  of  the  saM 
fcui^tion  is  zeroj  thus  ® severi"^  of  su<ui  a cxn^tion 

in  nature  is  govened  by  the  exit  gradient  and  seerage  velocity  that  de- 
velop at  tie  land side  toe  of  the  levee;  these  can  he  estisated  fr^  a 
flc^  net  cxx^tihle  with  tte  value  of  $ ctx^sited  above. 

111.  Sc^  idea  of  the  safety  of  a levee  a^lnst  piping  viere  zso 
top  stratum  exists  may  also  le  obtained  fm  cc^^orison  of  a 

creep  ratio  asiA  reconr^nied  emsirical  values  ti^reof . ^ne  ereen  ratio 

k 

can  be  ccs^xted  by  eitl^  of  tl^  foUosfing  forsailas  pressed  by  Bli^ 

22 

or  Laia,  and  the  answers  tl»refrcns  c<^3sared  vith  the  resjective  mlnlgj.a. 
values  listed  in  table  2, 


Blip's  creep  ratio,  C = 


Lam*s  “wei^ted"  creep  ratio,  = 


1/3  + 2? 


wj^re 


lb  = sum  of  slxirtest  vertical  ^ths  of  seepege  flrar  arouM  cutoffs 
t^z^th  a levee. 

aile  2 
m=ias  Or^ 


v—j  fine  S’  »nt 
Fiss  SKSi 
IMte  ii-i; 

Omrss 

Flw  ssvft*  ^ -ml  ml 
Cosrm  s«»«l  oMIes 

wae  kA  rnvtl 


B4tfc  end 

f»rw>if  hn^fh  c/" /trtt  'ffyff 

Hted — ...ha. 

ePhrtt 

Hmed  htnta/ft  kfi  jfrak^ei Jtditfsnct^.., 

hrdrerj  frees  hncbidk  fo€»f  Jkrte 


CASE  I 


CASE  2 


^ L,»Lt*La  jeLa 

h,  _ L, 

H ~S*La 

h,  ^ O 


CASE  5 


CASE  *» 


L,hL,*a4.5d  stO.*5e 


a*Sd-f-Ls  *Ls 


hg'^O 


GASd*Lg^Li 

Ls  — * 

L3 


fi^fTSshs  ^ f ferctstes  5 midi 

mx»  m%  ^^<aik  mhere  the 
sweated  m^Ktreeef  .e/re/mn  ts 
.mttse-pertewu  prertAd  the  effeethre 
ter^lht  edhSitS^i  >>  mtd  ta  me 
.^etiie/ed  in  the  tmwehj  For  L,  end  L~ 
reJpee/itefy 


'Ig.  22.  Fomlas  for  ra^itatloa  of  s^pa^  flotr  aM  s^'.trates 
pressures  for  various  too  s^mta 


tUwHiiiiliklW 
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US.  Js^rviaas  top  stratam.  A s<ssEwi»it  unwei^a  coi^tion  is 

vbere  the  top  Btxsfym  lai^jrard  of  tbe  levee  is  aSaost  ctsmletely  In- 

pervittis.  ^ch  a condltloa  is  ^>prorl3sted,  however,  vhere  levees  are 

foamed  ea  11d.ck  (>15  ft)  deposits  of  clay,  or  silts  vi&  clay  strata. 

For  tte  (^aditioa  of  an  i^ervi<ms  lar^side  top  stratsm  little  or  no 

occurs  thrx^j^  tbe  top  stratus  and,  if  tbe  top  stratus  is  either 

infinite  is  landward  extent  or  tbe  pervious  squifer  is  blocloed  Isz^-ard 

of  tbe  levee,  see^^  occurs  hez^tb  levee  (Q  and  0 » 0)  aM  a 

1^’drostatic  head  equal  to  the  zzet  l^ad  H on  tl^  levee  develops  beneath 

the  landside  top  stratus.  Hus  h * h = E . 

ox 

113.  If  tbe  tc^  stratus  is  i^ervibus  l^tveen  ths  levee  and  river 
eu^  has  a length  , and  if  top  strstra  is  i5pervi<nis  frm  tl^  levee 
landward  to  an  open  se^^ge  exit  at  a distance  (see  fig.  22^  case  2), 
tbe  distance  trcs.  tJ^  laz^ide  toe  of  tbe  levee  to  ti^  effective  seej^ge 
entry  is  s * (l^  4-  I^) 


“s  * ’‘f  = rri;  • 

He  l^ad  h benealb  tl^  tcp  strab:;s  at  tte  laMsi^  levee  tcs  can  he 
o 

0!!^ited  trcm  fotmils. 


h = H 
o 


r Lw,  1 


l^ad  at  a distant^  x leusdward.  free  tbe  lai^i^  levee  toe  is: 


for  X < 


(^) 


for  X > 


11%.  A «jMitdoa  of  no  t^  sbratzm  landward  of  a levee  (^se  3# 
fig.  ffi)  is  eiaxaintered  ^d»ie  an  extensiw  landside  borwsf  pit 


I 


-m 


has  been  excavated,  resulting  in  the  removal  of  all  top  stratum  landward 
of  the  levee  for  a considerable  distance.  Tl^e  excess  head  at  the  top  of 
the  sand  is  zero  everywhere  landward  of  the  levee  and  thus  the  danger 
from  piping  for  the  case  in  q.uestion  must  be  evaluated  from  the  upward 
gradient  obtained  from  a flow  net,  c by  some  enqpirical.  method.  Seepage 
beneath  the  levee  can  be  con5>uted  from  the  shape  factor  $ given  by  the 
formula  for  case  3 in  22. 

115.  Where  extensive  riverside  borrow  pits  have  resulted  in  exposal 
of  foundation  sands  for  a considerable  distance  riverward  of  the  levee 
(case  4,  fig.  22),  the  head  h^  at  the  landside  toe  of  the  levee  and  the 
seepage  per  unit  length  of  levee  can  be  computed  from  the  formulas  given 
in  case  4 in  fig.  22.  It  should  be  noted  that  these  formulas  ceui  be  used 
to  estimate  the  seepage  flow  beneath  the  levee  and  the  head  h^  for  con- 
ditions with  semipervious  instead  of  impervious  landside  top  stratum, 
since  the  effect  of  a semipervious  blanket  on  Q and  h can  be  du- 
plicated  by  an  eq.uivalent  finite  length  of  impervious  blanket. 

116.  Semipervious  top  stratum.  The  condition  most  commonly  en- 
countered is  that  where  a semipervious  top  stratum  overlies  the  pervious 
substratum.  The  formulas  that  follow  are  based  on  the  assunqstion  that 
seepage  flow  through  the  top  stratum  is  in  a vertical  direction  and 
seepage  in  the  pervious  substratum  is  in  a horizuntal  direction.  These 
assumptions  are  essentially  valid  wherever  the  permeability  ratio 
exceeds  10.  In  nature  this  ratio  usually  exceeds  10;  it  ranged  from 
about  100  to  5000  for  the  16  sites  studied. 

117.  The  determination  of  $ (and  hence  ; h , and  h ) is 
based  on  the  base  width  of  the  levee  Lg  , an  evaluation  of  the  distance 
from  the  landside  levee  toe  to  the  effec+ive  source  of  seepage  s , and 
the  distance  from  the  landside  levee  toe  to  the  effective  seepage  exit 
X,  . Determination  of  these  latter  three  items  (Lg  , s , and  x^)  has 
been  discussed  earlier  in  this  part.  As  previously  stated  the  theoretical 
expressions  for  s and  depend  upon  the  extent,  permeability  and 
thickness  of  the  top  stratum  and  pervious  foundation,  and  on  whether  a block 
or  open  draitiage  surface  occurs  at  the  extremities  of  the  blanket.  For- 
mulas for  computing  s and  x^  are  summarized  in  fig.  23, 
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U6.  Wherever  both  the  riverside  and  lai^side  top  stratum  are  semi- 
pervious,  the  expression  for  the  quantity  of  seepage  per  unit  length  of 
levee  can  be  e:q)ressed  by 


(21) 


where 


or 


s + X 


3 

d 


Q = k _ H 

S f 6 + X- 


(29) 


(30) 


The  head  h beneath  the  top  stratum  at  the  landside  toe  of  the  levee  is 
o 

e^rtssed  by 


h = H 
o 


s + X 


3j 


(31) 


Equations  30  and  31  are  valid  for  all  conditions  where  the  landside  top 
stratum  is  semipervious. 

119.  Ihe  head  h beneath  the  semipervious  top  stratum  landward 
of  a levee  depends  upon  the  head  and  conditions  landward  of  the 
levee.  Expressions  for  h are  given  below  for  typical  conditions  en- 
coxmtered  landward  of  levees  (see  fig.  23). 

Case  5»  = » 


•cx 


h = h 6 
X o 

(e  = 2.718) 


(32) 


Case  6,  L~  = a finite  distance,  and  a block  exists 
^ at  the  end  of  the  blanket 


\ = ^o 


cosh  c (L^  - x) 
cosh  c L_ 


(33) 
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and 


L-. 


coBh  c 


(33a) 


Case  7,  L,  = a finite  distance,  and  an  open  drainage  surface 
^ exists  at  the  end  of  the  blanket 


sinh  c (L^  - x) 
^ sinh  c L, 


- L = ° 
x-Lj 


where 


c = 


(34) 

.(34a) 

(7) 


120.  In  order  to  siinplify  the  determination  of  h^  for  various 
values  of  X , a graph  of  the  relationship  between  h^h^  and  x/x^  i 
been  plotted  in  fig.  24  for  = “ , and  for  various  values  of  xyL^ 


for  both  a blocked  and  open  exit  at  L. 


'3  * 


Once 


X3  , , 


and  the 


head  h„  at  the  landside  toe  of  the  levee  have  been  determined,  the  ratio 
h^h^  can  be  read  from  fig.  24  for  any  particular  x/x^  ; then  can 
be  computed  from  h yj'^^  • 

121.  It  can  be  shown  from  fig.  21  that  for  a given  thickness  and 
permeability  of  landside  top  stratvun  and  foundation  semd,  the  presence 
of  a block  landward  of  the  levee  increases  the  head  at  the  toe  of  th»i 
levee  and  decreases  the  total  seepage  beneath  th'  levee  which  would  occur 
if  there  were  no  block  and  the  top  stratum  were  infinite  in  landward  ex- 
tent. However,  the  seepage  at  the  toe  of  the  levee  would  be  heavier. 

Also  the  shorter  the  distance  from  the  levee  toe  to  the  block  the 
higher  will  be  the  head  at  the  Icuidward  toe  (see  figs.  21  and  23).  Where 
a block  occurs  landward  of  the  levee  and  the  corresponding  x^  has  been 
determined  from  piezometric  data,  the  x^  that  would  have  existed  without 
the  block  cai.  oe  determined  from  the  factors  given  by  the  graph  in  fig. 

This  procedure  was  used  for  estimating  the  permeability  of  the  land- 
side  top  stratum  at  the  piezometer  sites  where  landside  blocks  exist. 

122.  Values  of  h^  and  h^  given  by  the  above  equations  are 
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h Irostatlc  heads  at  the  middle  of  the  pen'ious  substratum;  where 
is  i£ss  than  100  to  500>  values  of  h^  and  h^  iianediately  beneath  the 
t<^  stratum  will  be  sli^tly  less  than  those  computed  fr<M  because 
of  the  head  ]j38s  resulting  from  upward  seepage  through  the  saM  stratum. 


Estimation  of  substratum  hydrostatic 
preBS^u:es  from  piezometer  reeidlngs 

123.  The  hydrostatic  pressiure  at  the  landside  toe  of  a levee  at  a 
project  flood  stage  can  be  estimted  from  readings  of  a single  piezometer 
at  the  landside  toe  by  plotting  readings  observed  during  high-water  periods 
vs  corresponding  overbank  river  stages.  Extrapolation  of  such  a plot  will 
indicate  whether  the  hydrostatic  head  at  high  river  stages  can  be  expected 


to  equal  or  exceed  h^  . If  a value  of 


h^  is  likely  to  occur  at  river 


stages  less  than  the  ^sign  flood  stage,  control  measures  are  indicated. 
If  the  piezometer  readings  have  reached  a maximum  and  remain  constant 
for  rising  river  stages,  the  critical  hydrostatic  pressure  has  been 
reached,  and  control  meas’ures  are  indicated  if  the  project  river  stage 
is  very  much  higher  than  the  stage  at  which  h occurred. 
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PART  IV : DiVESmATION  OP  UNDERSEtiPAGE  AT  PmCME^  SIOES 

124.  Basic  to  the  over-all  investigation  of  underseepage  were  the 
detailed  stu^  of  geological  and  soil  conditions  and  the  njeasureicent  of 
substratum  pressures  and  seepage  flow  by  means  of  piezcm^ters  at  15  sites 
on  the  Mississippi  River  and  one  site  on  the  Red  River.  Bie  sites  were 
selected  ^ere  subsiarface  explorations  had  already  been  made  and  repre- 
sentati-\re  l^pes  of  geological  and  top  stratum  conditions  were  known  to 
exist.  ®ie  sites  included  locations  where  no  underseepage  had  occurred 
aM  where  underseepage  and  sand  boils  had  been  a seriovis  problem  during 
the  1937  high  water.  The  first  six  sections  of  this  part  describe  the 
studies  made,  procedures  and  eq^iipment  used  in  the  field,  data- analysis 
methods,  bases  for  seepage-control  recommendations,  and  the  manner  of 
presenting  the  results  of  the  sttidies.  The  remainder  of  Part  IV  s\im- 
marizes  the  results  of  the  studies  by  sites. 

Types  of  Stxaiies  Made  for  Each  Site 


125.  The  studies  made  for  each  of  the  piezaseter  sites  included: 

a.  Mapping.  In  gsnereJ.,  three  maps  — plan,  topographic, 
and  an  aerial  nx)saic  — were  prepared  for  each  site. 

Ibe  plan  maps,  originally  drawn  to  a scale  of  1:10, (XX),* 
show  the  levee,  river,  and  other  pertinent  geographic 
featinres;  the  general  geology  of  the  area;  and  locations 
of  the  piezraneters  that  were  installed.  The  topographic 
maps,  prepared  with  2-ft  contovir  intervals  and  originally 
drawn  to  a scale  of  1;2,400,**  show  the  locations  of  the 
borings  and  piezon^ters  in  detail,  the  terrain,  detailed 
geology,  thickness  and  type  of  top  stratum,  and  location 
of  seepage  and  sand  boils.  The  aerial  mosaics  also  show 
the  locations  of  the  piezometers. 

b.  Field  explorations.  Both  shallow  and  deep  boring  were 


made  at  each  site  to  determine  the  soil  stratification 
along  the  levee  t<x  and  along  cross  sections  perpendicular 
to  the  levee.  Most  of  the  borings  were  of  ttie  auger  or 
bailer  type,  with  undisturbed  Shelby  tube  samples  of  the 


* Ihe  plan  maps  in  this  report  generally  have  a scale  of  1:^66. 

**  The  telegraphic  maps  in  this  report  have  a scale  of  1 in.  = 300  ft. 


top  stratum  and  upper  fine  sands  obtained  above  "Uie  water 
table  at  scms  locations.  Ihe  purpose  of  the  borings  was 
to  assirt  in  delineation  of  the  geology  of  the  site,  pi^- 
vide  da  ;a  as  to  the  thickness  and  15'^  of  top  stratum 
and  depth  of  the  underlying  sand,  and  furnish  samples 
for  iffichanical  analyses  and  permeabilily  tests  of  the 
sands.  Frcan  the  boring  logs  generalized  soil  sections 
were  develojed  and  the  thickness  of  the  top  stratum  land- 
ward of  the  levee  was  determined.  At  Commerce  and  Ihrotters 
54  pumping  tests  were  performed  in  addition  to  the  soil 
borings  for  the  purpose  of  accurately  determining  the 
permeability  of  the  underlying  sand  strata. 

Geological  studies.  Bie  general  geology  of  each  site  as 
regards  forcer  river  courses  was  te  *en  fi^  previotis 
geological  studies.^®  !Ihe  detailed  geology  was  estab- 
lished from  a study  of  aerial  photographs,  topographic 
maps,  and  boring  data. 

Laboratory  tests.  Ifechanical  analyses  and  perEsability 
tests  were  made  on  remolded  sand  sanroles  to  dc'termina 
the  gradation  ai^  pernseability  of  the  foundation  ssands. 
Valres  of  and  k are  plotted  adjacent  to  ttie  boring 

logs  on  the  soil  profiles. 

Hydrostatic  pressure  c^asurements . Piezometers  were  lo- 
cated along  the  landside  toe  of  the  levee  to  determine 
the  pressure  beneath  the  top  stratum,  and  along  ran^s 
peri)endicular  to  the  levee  to  neasure  the  hydrostatic 
pressure  beneath  and  landward  of  the  levee  and  the  dis- 
tances to  the  effective  seepage  source  and  exit.  Gen- 
erally the  tips  of  the  piezca^ters  were  Icxjated  iEsodiately 
below  the  top  stratum  in  the  iqiper  part  of  the  underlying 
fovtadation  sands.  At  some  sites  the  tips  were  put  down 
to  a considerable  deptix  in  the  sand  stratum  for  the  pur- 
pose of  nsiisuring  head  loss  in  the  foundation  sarnis  in  a 
vertical  direction;  at  other  sites  stm^  of  the  piezcms- 
eter  tips  were  located  within  the  top  stratum  for  meas- 
uring the  loss  in  head  within  the  top  stratum. 

Seepage  ceasxurements.  !Sie  natural  seepage  en^rging  land- 
ward of  the  levee  wac  measured  at  Gamrxjn,  Conmerce, 

!Trotters  5I  and  54#  Stoval,  and  Baton  Rouge  sites  dtaring 
the  1950  hi^  water.  At  one  site,  Trotters  54,  it  was 
possible  to  compare  the  observed  natural  seepage  during 
a high  water  before  relief  wells  were  installed  to  that 
observed  during  another  high  water  (I95I)  when  a system 
of  relief  wells  was  in  operation.  At  the  other  sites  the 
natural  seepage  measurements  were  compared  wdth  those  ccm- 
puted  frea  the  permeability  of  the  foundation  and  the 
hydraulic  gradient  beneath  the  levee. 
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Generally  the  natxiral  seepage  at  the  sites  ■sms  E^asured 
at  alxjut  the  crest  of  the  I950  hi^  water.  It  vas  in- 
possible to  collect  all  the  seepage  passing  beneath  the 
levee;  but,  in  general,  the  area  in  -sihich  the  seei>age 
being  ceasured  was  eiKrging  could  be  delineated  by  field 
observations,  and  the  epproxiEiate  percentage  of  the  total 
seepage  passing  beneath  the  levee  and  ensrging  in  the 
delineated  area  could  be  estimated  frcn  hydrasiLie  gra- 
dients. Eie  rate  of  seepage  was  determined  by  ireasuring 
the  flow  in  smaJLl  ditches  or  culverts  by  means  of  a 
mid^t  Gurley  flow  meter  at  locations  •s&ere  delineation 
of  -the  seepage  area  •sms  possible. 


PiezoB^ter  Ins-tallations 

126.  ®ie  piezometers  consist,  in  general,  of  CGffiercial  brass 
well  screens  I-I/2  to  2 in.  in  diameter  aM  2k  to  30  in.  long.  Riser 
pipes  are  of  ^I'smnized  iron  pipe  1 to  2 in.  ID.  Obey  usvtally  extend  2 
to  3 ft  above  ground,  atd  are  protected  either  with  a cylinder  of  con- 
crete 6 in.  in  diaceter  poured  arosmd  the  upper  part  of  ■tbe  riser  pi|« 
or  by  Eoans  of  giard  pos-ts.  Ihe  piez<2reters  riverward  of  the  levee  are 
protected  by  special  de'vices  such  as  shown  on  plate  lUo.  Ihe  locations 
of  all  piezcoeters  are  gi-ven  in  table  1 of  volsirc  2.  Ihe  ele'wation  of 
the  project  flo<d  aid  the  cres-ts  of  -the  19^7,  1^5,  and  1^0  hi^  ■smters, 
■the  average  elevation  of  the  ground  surface  along  'the  tee  of  the  levee, 
and  the  maxinum  net  head  on  “the  le^vee  during  ■the  three  bi^  wa'ters  are 
recorded  for  each  of  'the  I6  si'tes  in  table  3* 


Fac'tors  Evalsm.'ted  ard  I'Jethcds  Used  in  Analysis 


of  Piezem^trxe  and  Seepage  Da^ta 


127.  Factors  , Lg  , ard  ■sfere  obtained  at  each  site  from 
field  ssnrveys  and  existing  raps.  Howe^srer,  at  some  si'tes  ■the  ■value  of 
was  de'tenained  frexa  a consideration  of  bo'th  geolo^cal  information 
and  piezotetric  gradient  lines  (see  Gammon,  paragraph  I89).  Ohe  depth 
and  perE^:  bility  of  the  i^rvious  foundation,  and  thicimess  and  pensia- 
bility  of  the  top  stratum  at  the  sites  were  estimated  from  field 
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ejqploraticms,  pvEg)iiig  tests,  lalK>ratory  tests,  and  analysis  of  piezca:etric 
and  seepa^  ooservations.  Bie  distance  to  the  effective  seepa^  entrance 
and  exit,  snibstrattE  pressures  landverd  of  the  levee,  aM  ^’draulic  gra- 
dients hdKjath  and  landward  of  the  levee  were  detemined  piestSKtric 
data.  Seepa^  flow  beneath  the  levee  -as  estinated  frCE  hydraiilic  g^- 
dients  aM  characteristics  of  the  pervious  substratto.  ^ledicted  hjfdraa- 
lic  gr^e  lines  at  project  fltx>d  stages  were  based  on  theoretical  forsailas 
discussed  in  Part  IH,  extrapolatiCHi  of  observed  data,  aM  (m  borrow  pit 
and  levee  coi^itions,  aM  seepage  control  i^asures  as  they  existed  in 
195f*.  Predicted  values  of  h^  aM  upward  gradients  were  based  ex- 
tr^olations  of  readings  of  piezoneters  beneath  the  top  strattra  at  the 
landside  toe  of  the  levee  or  existing  seepage  Mnr 

128.  River  stages  during  significant  hi^-water  periods  were  ob- 
taiiffid  fnxs  gages  installed  at  the  sites.  Gages  aM  piezoseters  were 
read  at  two-  to  three-day  intervals  during  significant  hi^- water  ceriMs. 
Bie  river  stage  aM  piezcseteso  at  any  cme  site,  though  not  reM  sical- 
taneously,  were  always  read  the  saoe  day;  howover,  the  rate  of  rise  or 
fall  of  the  river  was  sosetines  of  such  nagnitMe  that  the  lack  of 
sicultaneous  rcMing  of  river  stage  aM  piezcaseters  probably  caused  sms 
error  in  the  relation  Mtwoen  the  readings.  Bie  relationship  between 
overbank  river  stages  at  each  site  aM  those  at  a nearby  perranent  ^ge 
on  the  Mississippi  River  are  shown  in  volu^  2,  Ihe  graph  on  plate  l4 

is  an  illustration  of  this  relationship  at  the  Caruthersvrille,  Mo.,  site. 
Bie  relationship  is  based  on  gage  reMings  obtained  at  the  site  aM  at 
the  nearest  perT^aent  river  gages  during  vorious  rising  river  stages. 
Bicause  of  differences  in  the  sl<^  of  the  water  surface  of  the  river 
for  different  flcMs,  the  correlation  shown  is  only  approxinate.  'me 
relation  between  permanent  gages  and  those  at  the  sites  was  extrapolate 
to  the  project  flcod,  aM  therefore  ey  not  M as  c3Uict  for  river  stages 
in  excess  of  those  alreMy  experienced. 

129.  Where  the  ground  landward  of  the  levee  is  essentially  level, 
tailwater  «ss  assusM  equal  to  ab-out  the  a'trsge  elevation  of  the  grouna. 
Water  was  poMed  over  a part  c.  tne  area  laMwar^  of  the  levee  at  sok  of 
the  sites  aM  in  those  cases  the  elevation  of  water  siirface  was  recorded; 


e.g.,  Casserce,  piste  48.  At  other  sites  the  exact  eleimti<m  of  the  tail- 
vater  «as  not  deteralned  and  had  to  ss  estirsted. 

Eorrcv  pit  comitions 

130.  Bie  vidth  of  terrcv  pits  ai^  ty^  and  thickness  of  naterial 


la  the  totter:  of  the  ©its  are  si 


irized  for  each  lice  of  niez'^Kters 


COTsidered  in  ttie  discussion  of  each  site  later  in  this  portion  of  the 
report. 

Seerage  source  and  exit 

131.  At  each  site  at  least  one  line  of  piezo^ters  vas  installed 
l^rpecdicular  to  the  levee.  Ihe  l^draulic  grsae  line  in  the  sicjstratias 
sands  aid  -Uie  distances  fres  the  landside  toe  of  ^le  levee  to  the  ef- 
fective seepa^  source  aid  exit  were  detemined  fnxs  reading  of  ti^se 
pieztteters.  Ihe  hydraulic  gnde  line  at  the  crest  of  thi  hi^  water  is 
plotted  for  each  piezoeter  Um  ^r^oiicular  to  levee  at  each  site, 
e.g.,  plates  12  and  I3,  Ihe  distances  to  the  effective  seepage  source 
and  exit  weie  ctr^ut^  fraa  cqmtions  10  aM  l4,  resi^tively,  using 
data  fr(»2  piezcxi^ters  l^mted  ixineath  tl^  levee  (aid  Isim  if  present) 
aid  with  tips  in  the  substratiza  sands.  When  t^re  ifere  three  or  four 
piezeaneters  tei«ath  the  levee,  s aid  weie  detemined  graihically- 
Unless  otherwise  noted,  s and  are  referred  to  the  lardsidc  toe  of 
the  levee  or  terra. 

132.  Ccx^utation  of  s aid  x_  (see  paragraphs  93  97) 

r^uircs  the  use  of  the  avera^  head  in  ttie  ^rvicus  siahstratun  at  the 
points  of  ceosuresent.  (toly  at  a few  sites  such  as  Camerce,  Trotters 
51,  and  Trotters  54  were  piezexaeters  installed  sufficiently  deep  in  tte 
^rvioiis  fenndatien  to  obtain  the  average  pressure  in  the  saids.  Data 
at  these  sites  indicate  that;  (a)  the  head  iin^isteJy  tei^ath  the  top 
stmtisj  uider  the  niddle  portion  of  the  levee  is  equal  to  that  at  any 
depth  in  the  ^rvious  substrates,  and  (b)  where  there  is  a sifpiificant 
flow  of  iqjwnrd  seepage  the  head  ii^cdiately  beneath  the  top  stratis  at 
the  landsido  toe  of  the  leiwre  is  scsewhat  less  than  the  average  head  in 
the  sand  stratus  at  the  levee  toe.  Ihe  difference  in  head  develoi^a  at 
the  landside  tc»  of  the  levee  iezxdiately  beneath  the  top  stratm  and  at 
or  near  the  sid-depth  of  the  sdsstratis  sand  at  the  ateve  sites  is  plotted 


for  various  net  heads  In  fig.  26*  At  tisese  sites  the  a^roxiiate  aireraie 
dlfferenee  la  excess  head  at  tl»  lai^ide  levee  as  »asused  i^^i- 
ately  ber^lh  tl^  stratisa  end  near  tte  center  of  tl«  perviotss  std>- 
sixsx^si  is  atout  l4  ceat  of  tte  i»t  on  the  levee . At  sites 
i*ere  no  de^  piesoaeters  a«re  installed  axA  vl^re  the  Urs  ccmsist^ 
of  tvo  shallow  piczcneters , ass  beneath  ihe  levee  cxA  cne  at  ■tte  levee 
tc^  (or  tens  tc^  vnieze  present),  it  vas  necessary  to  estirate  average 
!^ad  in  the  sutetra-fes  sand  at  levee  toe  froi  tl»^  reading  of  the 
snallotf  piezts^ter  at  toe  prior  to  casting  s ai»  ^ . At  sites 
slmlar  to  the  afiove  three  sites  the  avera^  at  the  levee  vss 
estlsated  as  tits  i^ad  in  ti^  shallov  piest^ter  at  iiffi  toe  plus  tbs 
average  diffezemte  in  isad  between  deep  ai^  shallov  pieacsetcrs  for  the 
sane  net  i^ad  as  recorded  at  €te*rce  aM  tl^  two  Srotters  sitesj  see 
fig.  2S.  At  sites  w^re  the  seepage  flow  landward  of  -ate  levee  ap^are^ 
to  be  less  than  that  at  the  Ccsnerce  nrsd  Trotters  sites,  the  average 
bead  at  tte  levee  tc«  was  assiraid  to  hs  tl^  head  at  tte  shallow  piesccater 
plus  l/8  to  1/2  of  the  average  difference  in  leM  stows  la  fig. 

133-  Distaaces  to  the  effective  se^a^  source  siai  exit  detersiicd 
<m  selected  cays  during  tto  hl^-water  peried  are  plotted  ve  the  rlv^r 
stage  occurring  on  that  de^ ; e.g.,  fig.  27  for  Caruthersville.  Prm  such 
plots,  valics  of  s aid  were  extrapolated  to  tto  project  flccd. 

Bie  extoap5lati<m  of  s to  ■flie  project  Oced  was  basro  otoerv)^  tretos 
duriag  previous  waters  with  cwtslderetlcm  givai  to  the  ^^sibUity 
of  changes  in  tte  riverside  torrow  pits.  “Die  extr^olatlon  of  to 
the  project  flcoi  was  obtaii^  tr/  solving  eqmtion  31  , using 

the  velics  of  s , H , ato  h^  estinated  to  exist  at  the  p«)ject  fl<cd. 

In  so  doing,  was  taken  as  tte  avera^  head  in  the  stestratwa  sa:^ 
at  tte  landside  toe  of  the  levee.  A curve  tton  was  drawn  ttrou^  the 
observed  seepage  exits  (plotted  a^inst  the  corre^Jtoing  river  stages) 


to  tte  extra^lated 


35^  at  the  project  florf.  The  curves  relating  x. 


and  river  stage  ure  of  tto  following  types: 

a.  itrieoitoent  of  river  stage.  A emstant  , vertical 

line  <m  tte  plot  of  river  stage  vs  x^  , e.g.,  fig.  2i, 
itoicates  that  tte  resistance  to  tte  flow  of  seepap: 


hotul  at  deep  and  shallow  pioKomotoro  at  landoido  too  of  levee 
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either  landward  or  v?»  throti^  the  natural  blanket  remains 
constant  for  various  river  stages. 


b.  decreases  with  rising  river  stage. 


A decrease  in 


xj  with  rising  river  stage  indicates  a decrease  in  the 
resistance  to  seepage  up  through  the  landside  top  stratum. 
This  was  common  at  a number  of  sites  at  relatively  low 
river  stages.  For  example,  the  occmrrence  of  sand  boils 
provides  additional  outlets  for  seepage,  thereby  decreas- 
ing the  resistance  of^^red  by  the  na.tural  blanlcet  to 
seepage  throu^  the  1 stratum  and  thiis  decreasing  the 
distance  to  the  effec-cx.e  seepage  exit.  On  the  x,  vs 
river  stage  plots,  the  point  at  which  x^  first  starts 
to  decrease,  as  the  river  stage  increases,  corresponds 
approximately  to  the  stage  at  which  sand  boils  were  first 
observed  (e.g.,  line  M , Trotters  5*1^^  fig*  32). 

c.  x^  increases  with  rising  river  stage.  An  increase  in 

x^  with  rising  river  stage  indicates an  increase  in  the 
resistance  to  the  flow  of  seepage  landward.  This  phenom- 
enon may  be  explained  as  follows:  At  the  beginning  of 

overbank  river  stages  the  natural  water  table  may  be  low 
and  there  may  be  a large  volume  of  xmfilled  porous  space 
in  the  ground  into  which  seepage  may  readily  flow  and 
which  in  a sense  acts  as  a drainage  reservoir  for  under- 
seepage. For  this  condition  the  apparent  seepage  exit, 
as  previously  defined,  may  be  (luite  close.  As  the  sub- 
svirface  storage  becomes  filled  in  the  vicinity  of  the 
landside  toe,  the  phreatic  line  comes  in  contact  with 
the  bottom  of  the  top  stratum  and  seepage  has  to  either 
flow  into  storage  areas  farther  landward  or  force  its 
way  up  through  the  top  stratum.  In  either  case  the  re- 
sistance to  the  flow  of  seepage  landward  is  increased, 
which  will  increase  the  distance  to  the  effective  seepage 
(drainage)  exit;  e.g.,  line  E,  Trotters  51>  fig*  31*  If 
continued  rising  river  stages  cause  the  development  of 
sand  boils,  such  boils  will  provide  a form  of  drainage 
that  will  result  in  a subsequent  decrease  in  X3  . It 
should  be  noted  that  prior  to  such  time  as  the  founda- 
tion beneath  the  levee  becomes  fully  saturated,  a condi- 
tion of  truly  artesian  flow  will  not  exist  and,  as  a re- 
sult, values  of  s and  X3  computed  from  equations  10 
and  l4  may  not  be  reliable.  At  certain  lines  and  sites, 
values  of  s and  X3  could  not  be  determined  because 
the  piezometers  were  sl\ig^,ish  and/or  gave  erratic  readings. 

134.  There  are  numerovis  single  piezometers  along  the  toe  of  the 
levee  at  the  various  sites.  Although  the  data  from  these  piezometers 
were  used  in  estimating  the  severity  of  underseepage,  they  were  not 


used  to  estimate  i^lues  of  s and  . 

tFhickness  and  pern^ability 
of  pervious  substratum 

135*  3be  total  thickness  of  the  perviOTis  substratum  was  determined 
from  deep  borings.  The  effective  thickness  d was  determined  as  that 
thickness  of  the  principal  seepage -carrying  sand  stratum  below  the  top 
stratum.  (See  definitions  of  thickness  and  permeability  in  Part  V,  para- 
graph 651.)  The  thicknesses  of  very  fine  sand  strata  of  low  permeability 
were  transformed  into  reduced  equivalent  thicknesses  with  the  same  per- 
meability as  that  of  the  principal  seepage-carrying  stratum.  The  per- 
meability of  the  effective  pervious  substratum  was  determined  using  var- 
ious methods;  the  values  so  obtained  at  each  site  are  rabulated  in  the 
discussion  of  each  site.  Methods  of  determining  k^  are  explained  in 
Part  III  of  this  report.  Those  used  in  the  analysis  of  data  from  the 
piezometer  sites  are  summarized  as  follows: 

a.  Laboratory  permeability  tests.  Laboratory  permeability 
tests  were  made  on  samples  from  deep  borings  at  or  near 
the  landside  toe  of  the  levee,  from  which  data  kf  wets 
estimated  by  equation  9.  Where  the  borings  did  not  fully 
penetrate  the  substratian,  kf  for  the  peirt  of  the  sub- 
stratum beneath  the  boring  was  estimated  from  values  of 
k^  obtained  from  the  deeper  saa^ples  in  the  borings.  This 
appears  reasonable  because  it  has  been  found  that  the 
permeability  of  the  substratum  generally  tends  to  in- 
crease with  depth  in  the  Lower  Mississippi  River  Valley. 
The  results  of  the  laboratory  permeability  tests  on  re- 
molded samples  are  shown  adjacent  to  the  logs  of  borings 
in  volume  2. 

b.  Grain-size  data.  Bie  permeability  of  the  foundation  was 

also  estimated  from  the  size  of  the  sand  in  each 

stratxmi  conprising  the  substratum  by  a procedure  similar 
to  a,  above,  except  that  kf  was  determined  by  means  of 
the  eng)irical  relationship  between  Dj^q  and  kg  shown 
in  fig.  17.  ihe  relationship  between  the  permeability 
of  remolded  samples  of  sand,  taken  with  a bailer,  as  de- 


termined in  the  laboratory  and 


is  shoim  for  the 


various  sites  on  plate  2^i4.  After  this  plate  had  been 
prepared,  numerous  field  pun^ping  tests  were  conducted 
from  which  the  relationship  between  field  permeability 
kH  and  obtained  as  shown  in  fig.  1?.  It  is 

believed  that  a better  estimate  o'f  kf  can  be  obtained 
from  fig,  17  than  from  plate  244,  and  therefore  fig.  17 


•was  used  in  estimating  kf  fresm  grain-size  data.  Values 
of  ^ ODtaiued  from  mechanical  analyses  are  plotted 

adjacent  to  the  boring  logs  in  volume  2. 

c.  Seepage  and  •p.leaOBatrlc  data.  These  data  were  used  in 
estlii0.tlng  kf  by  means  of  equation  2a  at  the  six  sites 
•vdiere  the  seepage  emerging  landward  of  "the  levee  "was 
measured. 

d.  Field  pumpic.g;  •tests.  Pumping  tests  were  conducted  at 
Commerce  and  Trotters  5^  (see  Appendix  C)  to  de^termine 
the  permeabiTi-iy  of  the  sand.  Qhe  results  of  these  tests 
are  given  in  the  table  of  analysis  of  piei-.ometric  and 
seepage  da^ta  for  these  sites. 

e.  Well^f low  data.  At  Commerce  and  Trotters  51>  systems  of 
relief  wells  were  in  operation  during  the  1943  high-wa-ter 
period,  and  values  of  kf  were  computed  from  the  ijell 
flow  data.  Similar  computations  were  made  for  the  j.-elief 
well  systems  at  Trotters  $4  from  data  ob-tained  during  the 
1943  and  1951  hi^- water  periods.  The  permeability  of 
the  sand  substratum  was  computed  from  eq^uation  2b  by  re- 
placing •with  ■the  well  flow  per  vinit  length  of  levee 
and  Ma  'wi'th  •the  slope  of  the  hydraulic  grade  line  land- 
ward of  the  well  system. 

f . Best  estima'te.  A best  estimate  of  kf  is  given  for  each 

~ site.  This  estimate  is  based  on  the  k^  values  obtained 

by  methods  a-e,  inclusive,  with  emphasis  on  resxilts  from 
methods  b,  c,  d,  and  e. 

Thickness  of  ~top  stratum 

136.  The  -top  stratum  was  transformed  into  a blanket  of  \miform 
vertical  permeability  of  a specific  thickness  as  illustrated  in  fig.  13* 
The  -thickness  transformation  factors  used  were  approximately  the  semie  as 
given  in  table  1. 

137.  Blanket  formulas  show  that  for  a uniform  top  stratum  infinir.* 

in  landward  extent  of  the  seepage  flow  rises  to  the  surface  between 
•the  landside  levee  toe  and  the  effective  seepage  exit.  Therefore,  bor- 
ings made  between  the  toe  of  the  levee  and  the  effective  seepage  exit 
were  given  more  -weight  than  those  farther  landweu-d  when  estimating  . 

All  borings  in  an  area  -with  a length,  parallel  to  the  levee,  equal  to  the 
exit  length  were  considered  in  de-termining  the  average  thickness  of  the 
top  stratum  at  a given  piezonater  line.  At  sites  where  thin  spots  in 
the  top  stratum  are  present,  because  of  either  natxiral  deposition  or  man- 
made ditches,  it  was  necessary  to  assign  values  of  z.  as  well  as  , 
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as  such  thin  areas  de' ermine  the  amount  of  excess  head  that  ^lay  safely  he 
allowed  to  develop.  The  sae^  thickness  transformation  factors  were  used 
for  2^  and  . 

Pern^ahility  of  top  stratum 

138.  The  permeability  of  the  top  stratum  k^^j^  was  estimated  by  means 
of  bleuiket  formulas  and  measurensnts  of  natural  seepage  as  described  below. 

a.  Blanket  formulas.  Where  the  top  stratum  was  uniform  and 

infinite  in  landward  extent,  kjjj^  was  estimated  by  mans 
of  equation  5 using  the  best  estimate  of  % 

for  each  piezometer  line.  However,  at  some  sites  the  top 
stratum  does  not  extend  infinitely  landward  but  instead 
the  presence  of  a clay-filled  channel  effectively  prevents 
seepage  farther  landward  and  results  in  a blocked  exit; 
e.g. , case  6 of  fig.  23#  and  plates  20  and  27«  value 

of  kbL  for  ‘*'^0  portion  of  the  blanket  between  the  levee 
toe  and  block  can  be  estimated  from  equation  6 or 
more  easily  from  equation  5 after  the  distance  to  the  ef- 
fective seepage  exit  (xo  for  finite  Lo)  as  indicated  by 
piezometers  is  converted  to  a corresponding  x^  for  = » 
using  the  factors  shown  in  fig.  25.  Values  01  k^^  com- 
puted from  blanket  formulas  are  given  for  each  piezometer 
line  in  the  tabular  summary  for  each  of  the  piezometer 
sites. 

b.  Seepage  measurements.  At  the  six  sites  where  the  quantity 
of  seepage  emerging  in  a given  area  landward  of  the  levee 
was  measured,  k^^  also  conqputed  from  equation  4. 


Best  estimate.  At  11  sites 


could  only  be  estimated 


from  blanket  formulas  which  consequently  gave  the  best 
estimate.  At  the  six  sitei  where  natural  seepage  was 
measured  the  best  estimate  of  obtained  by  pro- 

portioning results  obtained  from  a and  b above,  giving 
more  weight  to  results  from  method  b.  Values  of  k^jj^ 
are  given  for  both  the  195O  high-water  period  euid  the 
project  flood;  the  latter  values  of  k^j^  are  estimates 
of  conditions  without  any  additional  seepage  control 
measures.  It  should  he  noted  that  at  nany  sites  k^jT 
will  increase  as  the  river  rises  and  sand  boils  develop, 
and  therefore  the  predicted  values  of  k^-j^  at  the  crest 
of  the  project  flood  usually  exceed  those  observed  in  1950* 

Permeability  ratio 

139.  The  ratio  of  the  permeability  of  sand  substratum  to  that  of 
the  top  stratum  is  given  in  the  tabular  sumnary  for  each  site,  Olie  first 
value  listed  in  the  table  is  the  best  estimate  of  obtained  by 

the  following  methods: 


a.  Biaoket  forauilas..  Blanket  forxailas  were  used  to  estisste 
the  permeability  ratio.  Where  the  land side  top  stratus 
is  infinite  in  landifard  extent,  equation  5 can  he  written 
as  follows; 


where  ZbL  ^ determined  frcan  horing  data  and 

X3  is  obtained  frcs,  piezometric  data  as  previously  de- 
scribed. Where  a block  occurred  landward  of  the  levee, 
the  observed  x^  was  converted  to  an  equivalent 
X3  for  13=“  (from  fig.  as  previously  described. 

b.  Natural  seepage  measuresHints.  The  permeability  ratio  was 
also  obtained  by  dividing  the  value  of  k^^.  by  the  value 
of  k^j^  obtained  from  natural  seepage  measurenffints  and 
equation  4. 

Seepeige  beneath  levee  Q 

s 

140.  The  seepage  beneath  the  levee  per  100  ft  of  levee  was  computed 
for  the  crest  of  the  1950  flood  and  was  also  conq>uted  for  the  project 
flood  from  equation  30  using  the  best  estimated  values  of  d , k^  , s , 
and  for  the  project  flood.  Values  of  s^jepage  Q^/h  in  gpm  per  ft 
net  head  per  100  ft  of  levee  are  shown  in  the  tables.  The  severity  of 
seepage  at  the  sites  during  the  1950  high  water  has  been  based  on  the 
following  arbitrary  classification. 


Q/E 

gpm  per  100  ft  of  Levee 

>10 

5-10 

<5 


^verity  of  Seepage 

Heavy 

Medium 

Light 


Piezofisjter  readings 
vexsus  riyer  stage 

l4l.  Readings  of  selected  piezometers  at  the  landside  toe  of  levee 
or  berm  were  plotted  against  the  corresponding  river  stages  for  different 
high  waters;  e,g.,  Caruthersville,  plates  l4  and  15 . The  ratio  of  the 
head  at  the  different  piezometers  to  the  net  head  H on  the  levee 
was  cca^suted  and  is  shown  on  the  curves  drawn  throu^  the  plotted  data. 

Also  shOf.Ti  at.-s  the  estimated  hydrostatic  heads  for  the  project  flood; 
these  heeds  were  based  on  extrapolations  of  observed  data  and  consideration 
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of  the  cosrpvtted  maxinnsa  possible  sxibstratum  heads.  Val*jes  of  h^  were 
confuted  by  nultiplyir.g  the  transfonred  thickness  of  top  stratum  z. 

V 

0.85  {assun^d  )■  A valm  of  O.85  was  assumed  for  i^  to  give  a 
degree  of  uniformity  to  the  resulting  estimated  maximum  substratum  pres- 
svtres.  As  discussed  later  in  the  report,  it  was  found  that  appears 
to  vary  widely  at  several  of  the  sites  studied  where  sand  boils  develcreed; 
generally,  i^  was  equal  to  or  less  than  0.85-  maximum  piezoiister 
readings  were  ccmiputed  by  adding  h^  to  either  the  ground  elevation  at 
the  piezcxseter  or  the  tailwater  elevation  where  the  ground  at  the  piezcm- 
eter  was  submerged.  Ditches  frequently  are  critical  as  regards  .aaier- 
seepage;  therefore,  soc^  piezonsters  were  installed  on  both  sides  of 
(but  not  in)  existing  ditches.  The  head  presumed  beneath  the  bottom  of 
the  ditch  (Caruthersville,  plate  i5)  was  tal;en  as  the  average  of  the 
nearby  piezometers. 

142.  A table  entitled  "Head  on  Levee,  Top  Strata,  Substratum 
Pressures,  and  Gradients  through  Top  Strata  along  Toe  of  Levee”  is  in- 
cluded for  each  site.  This  table  contains  a summary  of  z.  and  h , 

w C 

and  valvtes  of  h for  the  crest  of  the  1950  flood  and  the  estimated  h 
o o 

at  the  project  flood.  Gradients  through  the  top  stratum  and  related 
severity  of  seepage  also  are  suaimzarized  in  this  table. 

143.  The  hydrostatic  head  h^  at  varioxis  piezometers  landward 
of  the  levee  was  estimated  for  the  project  flood  as  described  below. 

Hie  letter  shown  in  the  table  by  each  h^  estimated  at  the  project  floai 
corresponds  to  one  of  the  following  nsthods  of  estimation. 

a.  Where  piezoMter  readings  continued  to  increase  linearly 
with  river  stage  and  h^  extrapolated  to  the  project 
flood  was  less  than  h^  (=  O.85  z-^),  the  h^,  that  will 
develop  at  the  project  flood  was  tal;en  to  be  the  value 
obtained  by  the  above  extrapolation  (see  piezometer  1, 
line  D,  Caruthersville,  plate  l4) . 

b.  Where  piezometer  readings  reached  a maximum  and  then  re- 
mained constant  during  a period  when  the  river  continued 
to  rise  it  was  assumed  that  the  substratum  pressure  would 
not  rise  above  such  value  regardless  of  head  on  the  levee 
and  that  hg  at  the  project  flood  stage  would  be  the 
same  as  the  above  observed  maximum  (see  piezometer  C-5, 
line  C,  Gammon,  plate  30). 
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c.  VIhere  piezca^ter  readings  increased  with  rising  river 
stages  but  it  appeared  would  'beccs»  s^qual  to 
tefore  the  project  flood  stage  was  reached,  the  ctrrro 
fitting  “Oie  data  was  extrapolated  to  h^  = hj.  (for  i « 
0.85).  See  niezcsi^ter  11,  line  D,  Carutiiersville,  pla1» 
15- 

d.  Where  piezcaieter  readings  were  available  for  several  high 
waters  and  it  appeared  that  the  maxiniun  head  recorted  by 
the  piezca^ter  at  the  project  flood  wovild  be  less  tban 

h(.  , 13ie  curve  fitting  the  data  was  extrapolated  by  eye 
to  the  project  flood. 

144.  Landside  piezOE^ter  readings  recaining  constant  over  a peric^ 
when  the  river  stage  contintjed  to  rise  indicated  that  the  critical  head 
beneath  the  top  stratus  had  developed  and  that  sand  boils,  with  severilgf 
dependent  on  the  hei^t  of  river  stage  above  that  causing  h^,  , had  de- 
veloped at  the  site  l^fore  the  project  flood  crest  was  reached. 

145.  5ne  initial,  portion  of  plots  of  piezoaseter  readings  vs  river 
stage  indicate  tost  aartesian  beads  usually  did  not  develop  beneato  toe 
top  stratuss  until  after  water  had  been  against  toe  levee  for  several 
days.  CQjis  initial  lag  is  attributed  to  toe  large  volvese  of  storage 
above  toe  initial  ground-water  table  landward  of  toe  levee  which  tsust 

be  filled  before  the  hydrostatic  head  in  the  pervious  substratua  can  rise 
above  toe  ground  surface. 

Hydraulic  gradient  beneath  levee 

146.  Hydraulic  gradients  beneath  and  landward  of  toe  levee  were 

plotted  for  each  site  at  a river  stage  equal  to  about  I/3  or  l/2  toe 
oaximuni  stage,  at  tnaxisua  stage,  and  when  the  river  had  fallen  to  about 
toe  natural  ground  surface,  Ihe  gradient  in  the  middle  of  toe  pervious 
aquifer  was  estiiEated  for  a project  flood  stage  for  one  of  toe  piezOT- 
eter  lines  at  each  site.  Ihe  gradient  lines  estimated  for  a project 
flood  were  based  on  predicted  values  of  s and  x^  at  a project  flo<^ 
stage  and  values  of  , and  d . 

Basis  for  Evaluation  of  Seepage  Problem,  and  ReccmiE>endatloDS 
Regarding  Seepage  Control  Ifeasures 

147.  Tne  adequacy  of  existing  berms  (and  the  relief  wen  system  at 
Trotters  54)  was  evaluated  for  each  site.  The  evaluation  'sras  based  on 
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the  criteria  g^ven  in  paragraph  675. 

l48.  Where  -Uie  analysis  of  piezrasetric  and  seepage  data  fras  the 
sites  iMicates  that  substratum  pressures  landward  of  the  levee  have  ex- 
ceeded or  would  exceed  maxinun  allowable  heads,  seepage  control  Masin^s 
are  recc®sended  unless  an  existing  seepage  berm  or  s iblevee  is  considered 
to  be  adequate  to  safeguard  the  levee.  Design  val\.ei>  for  each  site  and/or 
subreach  tl^rein  are  given  in  tables  titled  "Simssry  of  Analysis  of  Pi- 
ezometric  and  Seepage  Data,  and  Average  I^sign  Values."  Sie  distances 
to  the  source  of  seepage  selected  for  design  values  are  those  estlmted 
at  toe  project  fl<x^;  toe  effective  seepage  exits  are  those  determined 
fr<K3  piezometer  readings,  naxiified  where  necessary  to  conform  with  the 
values  of  z^^  , 1 d , , and  selected  for  toe  indicated 

reaches  of  levee,  Ihe  selection  of  design  values  for  x^  > , and 

was  predicated  on  the  intent  that  the  resulting  seepage  control 
ttasrires  would  prevent  toe  landside  top  stratim  from  becc»ing  more  per- 
vious toan  it  was  observai  to  becose  dia-ing  toe  I95O  hig^  water  as  a re- 
sult of  seepage  and  sand  boils.  If  toe  design  of  control  measures  bad 

and  predicted  for  the  project  fl<x>d 

without  additional  control  measures,  the  design  of  the  new  control  meas- 
ures would  not  be  ccaipatibla  with  top  stratum  ccxiditions  until  after  toe 
seepa^  sittiation  tocame  worse  than  that  which  e.<isted  during  toe  I95O 
high  water. 


been  based  on  vali^s 


(X3 


tetoods  of  Presenting  Results  of  the  Studies 


149.  The  results  of  toe  sttoies  are  presented  in  toe  remainder  of 
this  part  and  on  the  plates  in  volume  2.  Ihe  discussions  of  each  site 
incltoe  toe  following  information: 

a.  Description  of  the  site  which  embraces  (l)  maps  and  an 
aerial  sasaic,  (2)  a history  of  the  underseepsge,  (3) 
underseepage  control  measures  Installed,  and  (4)  features 
of  the  piezometer  installation. 

b.  Geology  of  toe  site  and  soil  conditions  which  describe 
(1)  relation  of  underseepage  to  geology,  (2)  soil  pro- 
files aM  piezt^ter  lines,  and  (3)  characteristics  of 
top  strattsa  and  foundation. 


Ili ■ • 


Analyses  of  piezffisetric  and  seepage  data  by  (l)  estica- 
tion  of  ntssrical  values  of  factors  ^ L.  , Xj  , 


lie  gradients  beneatb  and  lanauard  of  levee,  and  (3)  cos- 
parison  of  r^asured  aM  ccxpixted  seepa^  flews. 

d.  Evalviation  of  seepage  problen  and  recomnendations  reptrd- 
ing  ccsitrol  erasures  if  any  are  indicated. 

150.  Bie  plates  of  voIue^  2 ctaprise  n^ps  (paragraph  Ikga),  geo- 
logical aM  soil  profiles,  and  plots  of  pieztxsster  data.  Ihe  plan  aM 
topographic  caps  present  the  history  and  location  of  underse^page  during 
the  1937  and  I950  hig^i  waters;  the  topographic  naps  also  show  existing 
seepage  control  cseasures.  Cn  the  plan  b^s  the  surface  geology  at  each 
site  is  delineated  by  neans  of  various  hatchings  and  colors.  The  ty^ 
and  thickness  of  the  tep  stratus  are  shown  in  a simlar  i^ni^r  on  the 
tptx»grsphic  naps.  (The  le^Ms  for  the  ^Bbols,  hatchings,  and  colors 
are  given  on  plate  1.)  Bie  location  of  tnwierseepage  ai^  sand  boils  with 
respect  to  geological  features  and  tep  stratus  characteristics  is  also 
shown  on  the  topographic  reaps.  The  soil  profile  plates  present  geolog- 
ical and  soil  profiles  in  color,  aH  available  logs  of  borings,*  labora- 
tory data,  aM  potential  sources  of  ut.derseepage.  locations  where  seepa^ 
observation  points  were  established  can  found  cn  the  tc^grarhic  naps 
together  with  the  date,  river  stage,  ai^  anount  of  seepage  observed  at 
these  points. 

CaruthersviHe , Missouri 

151.  Caruthersville  was  selected  as  a site  for  study  and  the  in- 
stallaticn  of  piezexsters  prisarily  because  of  its  record  of  heavy 
underseepage  and  sand  boils  along  certain  reaches  of  ttie  levee,  whereas 
underseepage  had  not  been  a probleia  at  other  l(x:ations  in  the  area,  “nie 
t<p  stratua  landwnrd  of  ai^  alcmg  the  levee  section  investigated  Eay  be 


* The  classifications  of  soil  types  sh<xm  on  the  curing  logs  vstg  based 
on  the  IHVD  soil  classification  triangle  included  on  plate  1,  sin<^ 
all  borings  were  cade  before  development  of  the  Unified  Soil  Classifi- 
cation System. 


divided  into  foiar  basic  types  and  tialcknesses:  (a)  10  ft  of  clay  over- 

lain  ly  5 ft  of  silt;  (b)  2 to  5 ft  of  clay  overlain  5 ft  of  silt; 

(c)  3 ^ 6 ft  of  silt;  (d)  15  ft  of  silt. 

Description  of  site 

152.  Tsb  site  is  located  along  the  vest  bank  levee  of  the  Missis- 
sippi River  near  Caruthersville,  Mo.,  and  extei^  fr<»  aixsut  sta  2y/0  to 
26/20.  Plans  of  tbe  site,  river,  torrow  pits,  piezcsseters,  boring,  and 
the  locations  of  ta^erseepage  and  sand  boil  areas  are  shown  on  plates  2 
ard  3i  plate  4 is  an  aerial  isjsaic  of  the  site.  Bie  Mississippi  RiA^ 
is  cpprcxlrately  I500  ft  free  the  levee.  Riverside  twrrow  pits  approx.- 
icately  10  ft  deep  aitd  50O  ft  wide  extend  the  full  loigth  ci  tiie  section 
of  levee  under  stiMy.  !2ie  levee  in  the  vicinity  of  sta  ^/O  has  a net 
hei^t  of  about  I8  to’^  ft.  ^‘ver  stages  at  lais  site  can  be  estin^ted 
fita  the  Mississiimi  River  gage  at  Oairo  and  the  gre^  on  plate  l4. 

153*  History  of  underseepage.  During  the  1937  higji  water,  H of 
l4  to  15  ft  caus^  heavy  ur^erseepage  and  nurercas  pin  boils  along  the 
levee  toe  and  for  a distance  lOOO  ft  landward  l^tveen  sta  2^/0  aM  ^/30; 
sand  boils  v^re  observed  between  sta  25/5I  and  ^/8.  In  1939  a relatively 
thin  seepage  bem  ^jproxinately  100  ft  wide  was  constr-ucted  along  the 
landside  tc^  of  the  levee,  as  shown  on  plate  3* 

154.  During  the  19?0  hi^  water,  naxienss  H was  apptoxi mtely  8 
to  9 ft;  sheet  seepage  occurred  aJxxxs  the  hero  tc^  ai^  for  a distance  of 
^XX5  ft  landward  l^tween  sta  ^/O  aM  2S/3}  aid  neditss  laderseepage  aid 
sand  Ixiils  were  observed  between  sta  26/5  and  ^J2Q  (plate  3)* 

155*  Pieze^ter  install ntion.  in  1^3  lines  of  piezoDeters  irere 
installed  perpendicular  to  the  levee  at  sta  ^/O  (lii»  A),  and  at  sta 
^/lO  (line  C);  piezoxiters  moxo  also  placed  al<®g  the  t<^  of  the  seepage 
t»ri3  fr<^  sta  25/O  to  31/O  (line  D).  Bie  tips  of  aH  piez<B»ters  were 
installed  in  clean  sand  icxediately  beneath  the  t<g>  stratua.  Pieztseter 
reading  vere  obtained  during  high  waters  in  1^3  am  1950. 

Geology  of  site 
ani  soil  conditions 

156.  surface  geolo^  is  shown  plates  2 and  3»  Plata  2 
shows  ttie  locations  of  fomer  river  courses  in  the  area  am  natural  levee 
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dsposits  which  blanket  the  area.  A i^re  detail^  presentaticm  of  tie 
character  aM  thickness  of  Hie  top  stratiss  in  the  vicinity  of  sta  ^/O 
is  depicted  tax  plate  3#  ■which  also  shows  the  location  of  ncderseepage 
with  respect  to  ^ological  features - 

157*  Bie  site  is  situated  eainly  in  an  area  of  point  bar  derosits 
laid  down  as  the  river  gradually  enlarged  a ceai^er  loop  (plate  2).  Dur- 
ing fomer  river  course  11  a chute  develq^d,  s^roxinat^y  l&X)  ft  wide, 
which  subsequently  was  filled  ■with  silts  and  clays  ranging  in  thickness 
f«ss  10  to  20  ft  (plate.  7 acd  8).  Tss  fine-grained  top  stratis  of  the 
point  bar  deposits  in  course  10  ccsxsists  of  a stratun  of  silty  clay  2 to 
6 ft  thick  overlain  ly  3 to  5 ft  of  natural  levee  det^its  of  sai^y  silt 
axid  silty  sand.  Sie  top  strateei  dovastrean  of  course  11  consists  of  4 
to  10  ft  of  silty  sai^  ai^  saxwiy  silt,  ihe  thickest  top  strates  dejcsits 
are  fcuM  in  the  old  channel  of  course  11. 

1^.  Helation  of  uraerseepage  to  geology.  At  this  site  tn^er- 
seepage  appears  to  be  associated  ■with  xhe  insufficient  thickness  ai^i 
silty  character  of  the  top  stiratrs.  During  the  1$50  hi^  water  the  -j 

heavier  undeirseepage  and  sand  boils  were  observed  at  ard  iasediately 
dovnsteean  of  tte  dcxmstress  edga  of  the  course  11  chute  (plate  3)* 
aiis  can  probably  be  attributed  to  the  thinness  aM  silty  ixatere  of  Has 
tCT  stratxs  in  this  area  ana  to  Hxe  fact  that  fouMaticxi  sands  are 
probably  erpcsei  to  a greater  extent  in  the  riverside  borrow  pits 
p^itc  this  location  than  along  other  reaches  of  tte  borrow  pit  in  the 
Moa. 

159'  Soil  profiles  ana  piezgxter  lines.  Soil  profiles  at  nleaas- 
cter  lines  A,  C,  ai^  D are  shown  on  plates  5^  6,  aM  7,  respectively. 

Iteep  txxrin^  to  Tertiary  show  tee  e^stcnce  of  a ^rvioiK;  saM  stmtts 
^^ut  100  ft  thick  extending  frtta  the  rivnr  teneate  aj^  landward  of  the 
levee.  A ^nerallstti  soil  profile,  wl,th  the  sa^  Ixjrizontal  vertical 
scales,  extending  fr«2  tee  river  to  latexmid  of  the  levee  alrag  Hue  B 
is  slxxwn  cm  plate  5* 

l6o.  Piesoaeter  line  A vos  legated  in  the  center  of  a chute  of 
course  11  aai  in  an  area  imere  the  heaviest  maerseeis^  hjs  been  cb- 
sexrved  dxirlng  tte  1933  am  1937  hi^  waters  (plate  3)-  Pies*eter 


line  C %ras  inetalled  per^Micular  to  tis  levee  at  tte  ^ge  of  course  11 
chute  "Aerc  top  stratts  was  Quite  thin  (5  to  7 ft)  end  cCTSisted 
lsr^3y  of  sHty  saM  and  sandy  silt.  Ii^vidi^  piesa^ters  were  lo- 
cated along  tte  lemside  tc^  of  tte  present  seepage  as  indicate  <m 
plate  7. 

3^1.  Piezcs^ter  1 at  sta  ^/O  was  Installed  in  fonser  river  course 
31  (see  plate  2)  at  a point  wi^re  the  tm»  strates  consists  of  about  $ ft 
of  clay  overlain  by  5 ft  of  natural  levee  deposits.  Plates  3 and  7 show 
that  tte  borrow  pits  opposite  piesoseter  1 are  blanketed  by  3 to  5 ft  of 
clay.  Piezc»ter  13»  south  of  Carutl^rsville  at  ^iproxisate  sta  3l/0, 
was  deliterately  lifted  at  a WJint  where  no  significant  rcserse^^^ 
had  e^r  been  retried  (plate  3)-  The  taring  for  this  piezo^ter  re- 
vealed essentially  a silt  top  stratun  ^^roxlmtexy  15  ft  tMck,  A cross 
section  of  tta  tarrow  pit  cpp^ite  pies<seter  13  indicates  ttiat  tta  tatto 
of  tta  pit  at  this  locatim  is  probably  blanketed  at  least  5 to  6 ft 
of  silt. 

Analysis  of  pl- 
ezccetric  and  scemtg  data 

162.  River  sta^  sta  pie^ceter  retalags  btytaised  durlag  the  103 
and  1^0  fcl^  waters  are  plottta  tm  plates  9-11.  Itase  hi^  watere 
cr^^d  a E^yfmn  H of  rfout  8 to  9 ft.  Pieztraetric  grtaients  in  tta 
pervloi^  srtatratm  taceaUi  the  levee  alsag  piezcneter  lims  A ata  C at 
selected  river  statts  during  ttass  hi^-water  psrl^s  are  stawn  « plates 
12  ata  IS,  vmich  also  stav  tta  h^rcstatic  tata  el«Jg  the  t^  of  ttts 
levee  as  neasured  line  D piezttseters.  Frtm  these  plates  It  can  ta 
seen  that  eaeess  betas  of  about  0.5  to  1-5  ft  develx^d  at  tta  tara  toe 
at  lines  A ata  C during  ^^e  flrtas.  Itase  tatas  decreasta  rapid^' 
fartiier  latavrard,  ata  little  cr  vio  excess  beta  existta  300  ft  latarord 
of  tarn  t<o.  greatest  tata  at  the  of  tta  tars  was  estlsated 

to  te  about  5 ft  at  sta  ^/6  during  tta  1550  hi^  weter  (Une  D,  plata 
15).  Plates  12  ata  33  alro  show  that  tta  hjdraulic  ^taieat  taMatt  tta 
le^o  ata  tars  was  essentially  a strta^t  line  at  Ums  A sta  C,  A sts- 
ssry  of  infoi^tiw  pertaining  to  tta  site  ata  results  of  nr-q lyses  of 
pies<tttric  ata  se^s^  data  aro  ^vea  in  table  1. 
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t&ble  k 

Sygaary  of  Aflalyi*  of  Pleto^trte  a*id  Sc«pa/c  Pat*.  Detig>  Ytuw 

CamthfravlUc.  Ma>p  Site 


Line  A Line  C _ A^rw  ^idyT 


factor 

1555 

Tlool 

1950 

flood 

Project 

flooa 

“^3 

rioob 

T555” 

flood 

ivoject 

flood 

Sta 

to  26/9 

Sta  26/9 
to  26/i6 

Sta  26/10 
to  26/22 

Biter  stage  (cxest) 

276.2 

ar/A 

207.4 

476.4 

mA 

267.2 

407.4 

407.2 

207.2 

Average  v2  of  powid  or  tallwater 
Bead  oa  levee  (B) 

268.0* 

s£6.o> 

250.O» 

470.5 

4T0.5 

470.5 

460.0 

270.5 

270.5 

8.2 

19.2 

5.7 

6.9 

16.7 

19.2 

lfi.7 

16.7 

PiesQKetera  uaed  1&  analyaia 

3.  >• 

k i 5** 

0 4 9 

049 

... 

Blveralte  borrow  pit,  vidtb,  ft 

200 

300 

300 

300 

300 

Top  atrat\a 

0-5  ft  clay 

10  ft  St  Sd 

Average  atratua 

2-5  ft  21  2d 
5 ft  2i  2d 

10  ft  Si  Sd 

5 ft  Si  Sd 

Sa&d 

Sand 

Diatafice  froa  riverside  levee  toe  to  river  (L,) 

1200 

1200 

1200 

1200 

1200 

Base  width  of  levee  (X,.)  *' 

330 

260 

330 

300 

300 

Laadwd  extent  of  top^itratiK  (L^) 

- 

• 

- 

- 

Distance  to  effective  seepage  source  (s) 

Vi 

5*0 

160 

0iO 

560 

460 

500 

500 

500 

Effective  length  of  riverside  blanket  (X|) 

U5 

230 

150 

530 

260 

200 

170 

200 

200 

Distance  to  effective  aeepage  exit  (x^) 

C50 

2^ 

200 

200 

200 

180 

230 

170 

230 

Effective  thick&esa  of  aasd  subatratia  (d) 

100 

100 

100 

100 

lOG 

Permeability  of  suhstrmtia  (k^  x 10*^  ^/scc) 

1500 

1500 

1500 

1500 

1500 

lAboratory  peracabllity  tebts 

U50 

U50 

Cr«ln  tilt  (!<„„, laj  v*  D,^,  fig.  17' 

Seepage  and  pietoectrlc  data 
Field  p'^lr.g  tests 

Veil  flow  and  piczceetrle  data 

Top  etratui,  type 

Clay  silt 

Silty  sand 

Silty  clay 

Silty  sand 

Silty  sand 

Effective  thlctnesa  for  seepage  aulysls  (Sk. ) 
Critical  thickness  (z, ) 

Peracabllity  (k^j^  x 10"^  cm/see) 

€.i 

7.5 

7.0 

*•.5 

8.0 

15 

n 

45 

45 

25 

35 

7.0 

I-.5 

6.0 

Plezoaetric  data  and  blanket  fcraxlas 

16 

17 

A 

J8 

26 

35 

Plezoaetric  data  and  seepage  aeasureaents 

Peracabllity  ratio  (k^/k^^) 

100 

90 

60 

60 

60 

.5 

75 

60 

63 

Blanket  fonaila 

96 

64 

53 

53 

>•3 

Natural  seepage  aeasureaenta 

••• 

ICatural  seepage  beneath  levve 

(SSo/lOO  ft  Of  levee 

160 

625 

UO 

4« 

560 

Q,/B|  eo/ft  of  heU/lCO  ft  of  l»«e 

22 

.:e 

33 

19 

33 

33 

* Average  of  mtuKl  gro-ind  eitd  bcttos  of  ditches* 
**  FtexceeUr  3 tluggieb  In  19^. 


163.  Soui-ce  of  seepage ♦ Seepage  can  enter  the  pervious  founda- 
tion at  the  Caruthersville  site  through  the  river  bank  approximately  I5OO 
ft  from  the  levee,  and  through  riverside  borrow  pits  from  which  the  top 
stratvan  has  largely  been  removed  in  the  vicinity  of  the  central  part  of 
the  piezometer  system.  The  thickness  and  character  of  the  remaining  top 
stratum  materials  in  the  borrow  pits  in  the  vicinity  of  sta  26/0  are  il- 
lustrated by  the  colored  hatching  on  plate  3* 

164.  Values  of  s as  determined  at  piezometer  lines  A and  C for 
various  river  stages  during  the  1943  and  1950  higli--irater  periods  are 
plotted  in  fig.  27.  These  values  indicate  that  seepage  enters  the  sand 
substratum  primarily  through  the  borrow/  pits,  even  though  several  feet 
of  silt  remain  in  the  pits  (plates  5 and  6).  (The  source  of  seepage  as 
determined  graphically  at  lines  A and  C is  shown  on  plates  12  and  I3.) 

The  distance  to  the  effective  source  of  seepage  at  lines  A and  C was 


91 


Fig.  27.  Distances  to  effective  seepage  source  and  exit. 

Caruthersville,  lines  A and  C 

about  800  ft  at  the  crest  of  the  iSk^  flood  and  about  550  ft  at  the  crest 
of  the  1950  flood.  It  may  be  noted  from  fig.  27  that  s decreased  con- 
siderably as  the  river  rose  and  that  a change  probably  occurred  in  borrow 
pit  conditions  during  the  7-year  interval  between  the  19^3  and  1950 
floods;  values  of  s for  1950  are  about  175  ft  less  than  those  for  the 
1943  high-water  period  at  the  same  river  stage.  From  the  values  of  s 
plotted  versus  river  stage  in  fig.  27  it  is  estimated  that  s might  be 
as  close  as  500  ft  at  the  Caruthersville  site  during  the  project  flood. 

165.  Seepage  exit.  Values  of  x^  were  determined  using  the  same 
piezometers  ar  were  used  for  estimating  s . The  average  ground  surface 
and  tailwater  assxaned  in  the  analysis  was  268.0  at  line  A and  270. 5 at 
line  C.  The  resvilting  exit  lengths  are  plotted  vs  corresponding  river 
stages  in  fig.  27.  At  line  A,  where  the  top  stratum  consists  of  about 
6.5  ft  of  clay  silts,  x^  was  about  240  ft  at  the  crest  of  both  the  194-3 
and  1950  high  waters.  At  line  C,  where  the  top  stratum  consists  essen- 
tially of  about  7.5  ft  of  silty  sand,  x^  was  about  20C  ft  dxiring  the 
two  floods.  It  is  estimated  that  x^  will  be  about  200  ft  at  the  project 
flood  at  both  piezometer  lines  A and  C. 

1^6.  Thickness  and  permeability  of  substratum  sands.  The  pervious 
foundation  at  Caruthersville  cc»’aist5  of  an  upper  stratum  of  fine  sands 
about  10  ft  thick  and  strata  of  medium  to  coarse  sands  about  100  ft  thick 


1 


92 


7*5  f’t  of  silty  sand)  has  an  estimated  of  about  25  x 10 


-4 


(plates  5”7)*  Permeabilities  of  these  strata  could  be  estimated  only 
from  laboratory  permeability  data,  as  grain-size  data  and  seepage  meas- 
urements were  not  available.  Laboratory  permeability  tests  on  remolded 

samples  from  bailer  boring  K-1  (plate  6)  indicate  a k_  of  about  80  x 

-4  ^-4 

10  cm  per  sec  for  the  upper,  fine  sands,  and  II50  x 10  cm  per  sec 

for  the  lower,  coarse  sands.  On  the  basis  of  classification  and  punping 

tests  at  other  sites  it  is  believed  that  the  \pper  sands  at  this  site 

-4 

have  a k of  about  lOO  x 10  cm  per  sec,  and  that  the  principal  aquifer 

—4 

has  a k of  about  1500  x 10  cm  per  sec. 

167.  Thickness  and  permeability  of  top  stratxmj.  At  line  A the 
average  top  stratum  landward  of  the  berm  toe  is  composed  of  about  6 ft 
of  clay  silts,  except  where  ditches  exist  along  Highway  84,  underlain  by 
1 to  2 ft  of  sandy  silt.  On  the  basis  of  z^j^  = 6.5  ft,  k^j^  was  com- 
puted to  be  20  X 10  ^ cm  per  sec  from  formula  5^  using  x^  = 240  ft  as 
Obtained  from  I95O  high-water  data.  At  line  C the  top  stratum  (about 

cm  per 

sec.  On  the  basis  of  these  values  it  appears  that  during  high  water  the 
clay  silt  top  stratum  at  Caruthersville  has  a permeability  almost  equal 
to  that  of  the  silty  sand  top  stratum. 

168.  Permeability  ratio.  The  ratio  of  permeability 

the  foundation  to  that  of  the  clay  silt  top  stratum  at  line  A is  esti- 
mated to  have  been  75  > and  that  of  the  top  blanket  of  silty  sand  at  line 
C to  have  been  about  60  in  I95O.  Estimates  of  for  the  crest  of 

the  1943  and  project  floods  are  given  in  table  4. 

169.  Seepage  flow.  Seepage  passing  beneath  the  levee  at  lines  A 

and  C at  the  crest  of  the  1950  flood,  and  for  the  project  flood,  was 

estimated  using  corresponding  values  for  H , s , and  x^  for  these 

floods.  The  seepage  at  the  1950  crest  was  about  250  gpm  per  100  ft  of 

levee  at  both  lines  A and  C.  Estimated  Q at  the  project  flood  is 

s 

about  600  gpm  per  100  ft  of  levee.  Q per  H in  1943#  1950,  and  for 

s 

the  project  flood  is  given  in  table  4.  Because  of  the  short  length  of 
piezometer  lines  A and  C it  is  not  possible  to  estimate  accurately  how 
much  of  the  seepage  passing  beneath  the  levee  in  1943  and  I95O  actxially 
rose  to  the  surface.  However,  it  is  believed  that  approximately  50  per 


cent  of  -toesseepage  passih  levee  at  the  crest.qf  the  I950 

hi£^  water.  >was  emerging,  landward  levee.  Suring  higher  river 

stages  the  grouMiiitorage  wi^  probably  ^ -filled  farther  land- 
ward of  the  levee,  practically  all  of  the  seepage  passing  beneath  the 
levee  wiJdJ  rise  to  the  fsurface.  it  may  teitconcluded  tgSt  the 

Caruthers-^ile  site  is ‘Subject  to  ashi^  rate  of  natural  seepage.  (Al- 
thou^  noj  actijal  seepage  meas\irements  were  made  at  the  sitej.  it  was  re- 
ported that,  the  seepage  iandwarcl  of  t^  levee  was  very  heavy  .during  the 
1950  high5.3^ter.) 

170^  I^dside:;suhstratm. pressures,  -hydrostatic  -pressures 

that  devilled  at  the  "^e  of  the  hem  at  or  ne^  the  crest  of  the  19*f3! 
and  1950  f^ods  are  shown  on  plates-.  12  .and  13  (line  D).  Pipts  of  read- 
tags  of  setacted  piezo^ters  at  or  ‘near  the  landside  toe  of  the  levee  vs* 
river  stages  are  shown  ipn  plates  l4  and  15,  together  with  estimated  sub- 
stratum pressures  for  river  stages  Up  to  the  project  flood,  tae  head 
against  the  levee,  the-  .type  and  thickness  of  top  stratum,  and  substratum 
pressures  at  each  piezometer  along  the  landside  toe  of  the  berm  are  given 
in  table  5>  From  plates  9- 11  it  may  be  noted  that  maximum  heads  land- 
w^d  of  the  levee  lagged  only  about  one  day  behind  the  crest  of  the  river 
Ihe  lag  of  approximately  five  days  (plates  14  and  15)  in  the  development 
of  excess  head  landward'  of  the  levee  after  the  river  reached  the  levee 
can  be  attributed  to  filling  of  the  natxural  ground  storage. 


TwhU  $ 

cn  Too  StrAt^  Subctrata  rrtasurr«,  CradlrrU 


Stnt«  aIorc  Toe  ef  iMTvt 


h ClT*t  Of  19>0 

ut  or  fty  “c  no^ 

Mn  Hn  tin,  .1  AiUnUr  . C H *’«  *’o 

I4et  _ >1,  ft  iCl  Clay  Silt  Total  ft  ft_  ft  _ T 

0 1 2^.7  •••  9.3  3.0*  1^.3  X^*3  12.2  12.7  1.^  11 


A.0  5 6 268.9 

C-fi  9^1^  270.S 


^ 6«  part«Tm;ft  1^3. 


e.2  8.2  8.2 

2.0  13*0  15*0^  19*0 


* Silt  Oft  bt  el^. 

^ Strattfloj  «tu  ted  eU/< 

^ IhlekatM  ^ top  •tratxai  WiMAtii  lariotd*  ditch* 
^ At  odjc  of  elcy  ftlUd  chtoMl* 


1^1.  Plate  i4  indica-tes  that  uplift  pressures  at  piezometer  1 on 
■^ne  D prpfcably  vidi  not  be  -critical  at  the  project  flood  because  the 
^timeited!  *h^  (3*5  it)  for  lhat  flood- will  be '8.6  ft  l^s  than  lhat  re- 
tired to  caiise  sand  boils  or  viplift  *pn  the  basis  of  i^  = O.85.  Al- 
■ffiou^  the  top  strattan  at  piezometer  2,  on  the  same  basis,  is  thick 
•enou^  to  \^cnstand.  a hydrostatic  head  of  7 •!  ft,  it  appears  from  the 
slope  of  the  plotted  data  that  h^  probably  'vSLll  not  exceed  a maximum 
^ 1.5  to  2 ft,  which  probably  will  occur  at  a river  height  of  about 
■11.5  ft  on!  the  levee,  or  7 ft  below  the  project  flood.  Although  no  sand 
iboils  were  reported' during:  1^50,  they  can  be  expected  at  a river  heeid 
of  12  ft  or  more . 

172.  Kie  computed  h^  at  the  toe  of  the  berm  at  line  A is  3*2  ft 
ibased  on  the  thickness  of  blanket  at  the  bottom  of  the  two  ditches  (see 
plates  5 srad  l4).  However,  the  maximum  h^  likely  to  develop  at  line  A 
if  only  2.0  ft,  which  may  be  expected  by  the  time  H = 12  ft.  Sand  boils 
^e  also  likely  to  develop  at  this  head.  At  piezometer  line  C , h^  * 
6t4  ft;  however,  sand  boils  started  in  the  vicinity  of  piezometers  9 and 
10  '^th  h^  equal  to  only  1.0  to  I.5  ft.  Thus,  the  gradient  required 
to  cause  sand  boils  in  this  area  is  considerably  less  than  O.85,  and 
sand  boils  may  be  expected  whenever  the  river  is  higher  than  6.5  ft.  At 
piezometer  11  (h^  = 2.8  ft)  sand  boils  started  with  i 5 O.55  and 
H =8.5  ft.  The  computed  maximum  h^  , based  on  i^  = O.85,  and  the 
estimated  h^  at  project  flood  stage  are  both  equal  to  about  12.8  ft 
at  piezometer  I3.  The  head,  h , will  probable  become  equal  to  h^  at 
piezometer  I3  when  H = about  21  ft. 

Evaluation  of  seepage 
problem  and  recommendations 
for  control  measiu'es 

173*  Heads  of  about  8 and  l4  ft  on  the  levee  during  the  1950  and 
1937  high  waters,  respectively,  caused  the  formation  of  sand  boils  along 
the  levee  toe  at  the  Caruthersville  site  except  in  the  vicinity  of  pi- 
ezometers 1 and  13.  Substratum  pressures  that  develc^  at  piezometer  1 
during  a project  flood  will  probably  not  be  sufficiently  critical  to  re- 
quire control  measures. 

17*4^.  On  the  basis  of  piezcmetric  data  obtained  during  the  19U3  and 
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l|5P  hig^»  waters,  boils  may  be  expected  at  flood -stages  8 to  10  ft 

below  a project  f l^d  stage . Higher  stages  will  probably  cause  the  foima- 
tibn  of  additional  isand  boils  and  increase  the  severity  of  the  seepage. 
:Sgid  botlSifflay  be  ejected;  to  develop  first  between  sta  26/10  and  26/17, 
w&re  the  top  stratum  is  e^remely  thin  (plate  7)^  and  will  probably 
also  occur  -at  relatively  low  river  stages  be-tween  sta  25/40  and  26/lO. 
in'  the  latter  reach'  the  severity  will  probably  be  greatest  between  sta 
If/O  and  about  26/l0,  becatSe  of  proximity  of  the  drainage  ditch  along 
the  lahdside  toe  of  the  levee  and  the  greater  head. 

175 i At  piezometer  13,  sta  3Q/46+6o>  *h^  can  be  expected  to  de- 
v|b3p  at  ;a  ihead  2 ^ less' than  the  project  fb30d.  However,  in- view  of 
the  limited  information  available  cbhceming  conditions  in  the  vicinity 
of  piezometer  13, -np  recommendation  regarding  control  measures  is  made 
for  this  reach  of  levee. 

176.  Since  the  maximum  H at  the  Caruthersville  site  is  only 
about  18  fi  and  a somewhat  smaller  levee  withstood  a head  of  l4  ft  in 
i|37;  seepage  beneath  the  levee  is  not  considered  particularly  critical 
considering  the  added  safety  provided  by  the  existing  seepage  berm.  An 
i^ortant  factor  in  this  evaluation  is  the  fact  that  the  top  stratm  is 
relatively  uniform  in  character  and  thickness  so  that  there  probably 
will  be  no  hi^  build-vp  of  excess  pressures  or  sufficient  concentration 
of  seepage  to  cause  a blowout  or  serious  underground  piping.  However, 
because  of  the  close  so\n:ce  of  seepage  in  the  riverside  borrow  pits  and 
the  perviousness  of  the  foundation  sands,  heavy  seepage  and  nvonerous 
sand  boils  can  be  expected  when  river  stages  exceed  el  280. 

177*  In  summary,  the  existing  berm  is  considered  somewhat  narrow 
and  a little  thin  in  certain  reaches;  however,  the  only  additional  con- 
trol measure  recommended  at  the  Caruthersville  site  is  the  construction 
of  temporary  abatis  dilces  in  the  riverside  borrow  pits  to  pr<miote  the 
collection  of  silt  and  growth  of  willows  which  will  eventually  lengthen 
the  effective  path  of  seepage. 

Gammon,  Arkansas 

178.  Gammon  was  selected  as  a site  for  study  and  installation  of 


piezometers 'because tbf  its  record  of  underseepage  aM  sand  boils.  The 
si-^i  was  also  excellent  for  a stiidy  of  the  effect  of  borrow  pits  on 
seeg^e  flow/  and  substrattmj!  pressure,  as  the  Mssissippi  River  is  souk 
2-1^2  miles-from  the  levee  and  the  area  riverward  of  the  borrow  pits  is 
blaj^eted  with  a fairly  thick  layer  of  clay  for  at  least  20CX)  ft.  The 
top  strattm  landward  of  the  levee  generally  consists  of  relatively  uni- 
fomiclay  6 to  10  ft  thick  except  in  a drainage  ditch  along  the  levee 
where  it  is  only  4 to  6 ft  thick. 

Descriptioh^of  site 

179*  ihe  site  is  located  approximately  10  levee  miles  north  of 
WestJMenphis;,  Ark.,  between  U.  S.  Hl^way  6l  and  the  Mississippi  River, 
and  extends  from  levee  sta  138/0  to  139/31*  Plans  of  the  site,  river, 
borrow  pits,  surface  geology,  topography,  and  piezometers  are  shown  on 
plates  l6  and  l?j  plate  l8  is  an  aerial  mosaic  of  the  site.  The  levee 
at  Gammon  has  a net  height  of  approximately  25  ft  and  a seepage  berm  250 
ft  wide  along  its  landside  toe.  Riverside  borrow  pits  5 to  10  ft  deep 
and  500  to  600  ft  wide,  in  ■vdiich  most  of  the  top  blanlcet  has  been  re- 
moved, extend  along  most  of  the  section  of  levee  studied.  A drainage 
ditch  approximately  2 ft  deep  is  located  parallel  to  and  about  150  ft 
landward  of  the  seepage  berm  toe.  River  stages  at  Gammon  can  be  esti- 
mated from  the  Menphis  gage  and  the  graph  on  plate  32. 

180.  History  of  under .i^cpagr  During  the  I937  hi^  water,  when 

H = 20  ft,  heavy  underseepage  wa.o  ■'  ^erved  in  leindside  borrow  pits  and 
in  a sublevee  basin  between  sta  138/O  and  I39/3O.  Nianerovis  sand  boils 
ranging  from  pin  size  to  12  in.  in  diameter  were  observed  in  the  sublevee 
area.  The  plan  of  the  snblevee  area  as  it  was  in  1937  is  shown  on  plate 
16.  Locations  and  size  of  sand  boils  that  occurred  during  the  1937  high 
water  are  shown  on  plate  17 . Between  the  I937  hi(^  water  and  the  be- 
ginning of  the  underseepage  investigation  at  Gammon  the  landside  borrow 
pits  were  filled,  and  in  1946  the  sublevee  was  replaced  with  a relatively 
wide,  thin  seepage  berm.  laical  sections  of  this  berm  are  shown  on 
plate  20. 

181.  During  the  195O  high  water  (maximum  H = 12.5  ft)  heavy 
iinderseepage  and  approximately  4o  sand  boils,  ranging  in  diameter  from  3 
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to  12  in.,  vere  observed  slobf  ^ridside  toe  of  the  seepage  henn  be- 
tTrfeen  s:fe  138/5  to  I39/IO.  b s ■ • ^re  active  and  some  discharged 
ah  cestimted  l/2  to  2 cu  yd  of  ;j  seme  discharged  medium  to  coarse 
sand,  of  the  boils  were  est  mated  to  be  flowing  at  25  to  4o  gpm. 

Medium  to  li^t  seepage  with  somt  , xU  boils  also  was  observed  emerging 
throu^  the  berm.  The  specific  cations  of  the  1950  underseepage  and 
sand  boils  are  shown  on  plate  17 . The  natural  seepage  emerging  be- 
tween the  levee  and  the  lai  '.side  edge  of  the  drainage  ditch  between  sta 
138/0  ^d  the  138/22+75  was  measured  at  the  point  indicated  on  plate  17 
and  equalled  58  gpm  per  100- ft  sta.tion  for  H = il.5  ft  , or  approximately 
5 ipm  per  ft  H per  100-ft  station. 

182.  Piezometer  installation.  In  1948  lines  of  piezometers  were 
installed  perpendicular  to  the  levee  at  sta  I38/10+50  (line  C),  138/26+OO 
(line  D),  and  139/IO+OO  (line  G),  and  at  the  tee  of  the  levee  at  sta 
138/0  and  138/45.  The  tips  of  all  the  piezometers  were  installed  in 
clean  sand  immediately  beneath  the  top  stratum.  Piezometer  readings 
were  obtained  during  the  1950  and  1951  high  waters  except  at  piezometers 
D-7  and  F-I5  in  the  borrow  pit  which  were  not  read  in  1950. 

Geology  of  site  and  soil  conditions 

183.  The  general  geology  of  the  site  is  illustrated  on  plate  16. 
More  detailed  information  regarding  the  type  and  thickness  of  top  stratum 
materials  is  given  by  the  colored  hatching  on  plate  17.  The  site  is  lo- 
cated mainly  in  a relatively  small  area  of  point  hair  deposits  bordered 
on  the  landside  by  river  course  9 filled  with  relatively  thick  clay  and 
silt  deposits.  On  the  riverside  the  site  is  also  bordered  by  an  old 
channel,  also  filled  with  relatively  thick  deposits  of  silt  and  clay 
(plates  1$,  17,  and  20).  The  point  bar  materials  consist  of  a relatively 
xiniform  deposit  of  clay,  with  some  minor  amounts  of  silt,  approximately 

5 to  12  ft  thick  with  a few  intervening  minor  swale  deposits  (plates  17, 
20,  22,  and  23).  Ihese  materials  were  deposited  as  the  riirer  gradually 
migrated  from  course  8 to  the  position  marked  by  course  9.  As  a result, 
irregularities  in  thickness  of  the  top  stratum  largely  reflect  the 
existence  of  subsxu'face  ridges  and  swales,  the  axes  of  which  generally 
parallel  the  alignment  of  the  levee.  Thin,  predominantly  clayey  natural 
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levee  deposits,  •^lich  are  diffic»jlt  to  distinguish  from  the  underlying 
point  har  claysi  ^blanlcet  lie  site. 

1^.  Relation  of  vmderseepage  to  geology.  The  underseephge  and 
sand  hoias  that  occurred  during  the  1937  hi^  vater  can  he  attributed 
leirgely.  to  riverside  borrow  pits  excavated  to  sand  and  to  the  thinness 
of  the  top  stratm  landward  of  the  levee,  which  was  reduced  in  thickness 
by  excavation  for  borrow  for  the  sublevees. 

185*  The  character  and  confil^ration  of  the  tc^  stratum  together 
with  the  location  of  seepage  and  s^d  boils  that  occiSred  dirring  the 
1950  hi^  water  are  shown  in  detail  on  plate  I7.  An  examination  of  this 
plate  reveals  that  most  of  the  sand  boils  were  located  in  the  narrow 
area  between  the  toe  of  the  present  seepage  berm  and  the  thick  clay  de- 
posits lying  immediately  landward  of  the  levee,  and  in  a shallow  ditch 
where  the  natural  thickness  of  the  top  stratum  had  been  redxiced  by  ap- 
proximately 2 ft  It  is  interesting  to  note  again  that  most  of  the  sand 
boils  occurred  opposite  borrow  areas  riverward  of  the  levee  where  the 
top  stratum  had  been  largely  removed.  It  is  also  interesting  to  note 
that  two  sand  boils  occurred  in  the  landside  drainage  ditch  in  the  vicinity 
of  the  intersection  of  the  present  seepage  berm  toe  and  the  edge  of  *tver 
course  9 (sta  138/6).  Several  active  sand  boils  also  were  observed,  ih 
this  ditch  at  about  sta  139/IO  where  an  appreciably  thicker  clay  blanket 
lies  immediately  landward  of  the  berm  toe  and  drainage  ditch. 

186.  The  primary  factors  affecting  the  severity  and  location  of 
underseepage  and  sand  boils  at  Gammon  are  open  riverside  borrow  pits  and 
the  thinness  of  the  natxural  landside  top  stratum,  aggravated  by  the  ex- 
cavation of  a drainage  ditch  immediately  landward  of  the  present  seepage 
berm  toe.  The  presence  of  thicker  clay  deposits  immediately  landward  of 
the  berm  toe  bet\«en  sta  138/IO  and  139/10  also  contributes  to  the  xander- 
seepage  problem  at  this  site. 

187.  Soil  profiles  and  piezometer  lines.  The  locations  of  pi- 
ezometers and  borings  are  shown  in  plan  on  plates  16  and  17 . Soil  pro- 
files and  piezometer  lines,  both  perpendicular  and  parallel  to  the  land- 
side  toe  of  the  levee  at  Gammon,  are  shown  on  plates  19  to  23.  The  pi- 
ezometer lines  perpendicular  to  the  levee  were  located  at  points  where 


imderseepage  had  been  liie  mo&t  severe  (lines  D and  G)  during  the  1937 
high  water,  and  at  a point  considered  to  be  critical  (line  C)  where  the 
clay  filling  in  river  course  9 intersects  the  levee  toe  at  approximately 
sta  138/10.  The  locations  of  the  piezometer  tips  are  shown  on  the  soil 
profiles. 

188.  Deep  borings  to  Tertiary  revealed  a l40-ft- thick  stratum  of 
ve^  pervious  sands  extending  from  the  river  to  landward  of  the  levee. 

In  ;general,=  the  natihral  top  stratum  immediately  landward  of  the  levee  toe 

between  sta  I38/1O  and  139/lG  consists  of  a relatively  uniform  clay  with 

a thickness  of  6 to  10  ft,  which  has  been  reduced  to  only  4 to  6 ft  along 

sCD.i  reaches  by  the  drainage  ditch  landward  of  the  seepage  berm  toe. 

Analysis  of  piezo- 
metric  and  seepage  data 

189.  Piezometric  and  seepage  data  were  obtained  at  Gammon  dvtring 
the  1950  hi^  water  (maximum  H = about  13  ft);  the  piezciceter  readings 
are  plotted  together  with  river  stages  on  plates  24  and  25.  Piezometric 
gradients  in  the  pervioxzs  substratum  beneath  the  levee  at  piezometer 
lines  C,  D,  and  G are  shown  on  plates  26-28  for  selected  river  stages 
during  the  I95O  hi^  water;  the  gradient  at  line  D at  about  the  crest 
of  a high  water  in  1951  is  also  shown  on  plate  ZJ.  The  hydrostatic  head 
along  the  toe  of  the  seepage  berm  as  usasured  by  piezometers  along  line 
B is  shown  on  plate  29.  From  these  plates,  it  can  be  seen  that  excess 
heads  of  about  2.5  to  5*5  ft  developed  at  the  toe  of  the  berm  from  sta 
138/0  to  139/10  at  the  1950  crest.  For  the  river  stages  experienced, 
little  or  no  head  existed  above  the  top  of  the  seepage  berm.  Local  pres- 
sure relief  along  the  toe  of  the  seepage  berm,  as  a result  of  seepage 
and  boils,  reduced  the  substratum  pressures  as  indicated  by  the  dotted 
lines  on  plates  26-27.  It  can  also  be  seen  that  the  gradients  are  rela- 
tively flat  at  distances  greater  than  3OO  ft  landward  from  the  berm  toe. 
This  is  attributed  in  part  to  the  ditch  at  the  toe  of  the  berm  into  'idiich 
a major  portion  of  the  seepage  entered,  and  in  part  to  the  clay-filled 
channel  of  coiurse  9 landward  of  the  levee  which  blocks  the  emergence  of 
seepage  beyond  its  near  edge.  The  natural  seepage  emerging  in  an  area 
about  250  ft  wide  landward  of  the  levee  was  measured  in  I950  at  the  point 


sliown  on  plate  17 . Biese  seepage  n^asiirefeents  vere  in  estiisating 
tfie  pen^abili-ty  of  top  stratiea  and  the  ratio  . A sxsEmxy 

of  infoiiiatioa  pertaining  to  the  site  and  analyses  of  piez(S!»tric  ai^ 
seepage  data  are  given  in  table  6. 

1^.  Sotorce  of  seepage.  Seepage  laay  enter  the  pervious  svibstratua 
at  Gananon  in  the  main  channel  of  the  Mississippi  River  and  through  the 
riverside  borrow  pits  where  most  of  the  natural  blanket  has  been  re3K>ved 
(plates  17,  20>  and  21) . 

191.  Distances  to  the  effective  soiarce  of  seepage  were  determined 
fron  resuiings  of  piezcaneters  on  lines  C,  D,  and  G for  various  river 
stages  during  the  195O  flood.  Ihe  distances  to  the  effective  source 
were  referred  to  a point  UCK)  ft  landward  of  the  center  line  of  the  levee 
(about  the  toe  of  the  seepage  hem),  because  ix>st  of  the  seepage  energed 
landwaM  of  this  point.  Bie  vsQ.ues  of  s obtained  for  various  river 
Stages  during  the  I950  hi^  water  for  the  different  piezosseter  lines  are 
shown  in  fig.  28  and  plates  26-28.  The  data  in  fig.  28  show  that  seepage 
enters  the  sand  substratua  prinarily  throu^  the  borrow  pits,  even  thou^i 
some  clay  renains  in  the  pits  at  piezometer  lines  C and  G.  Sie  distance 
to  the  effective  source  of  seepage  at  lines  C and  G was  aboxit  IKX)  ft. 

At  line  D,  5 was  only  at»ut  600  ft.  Bie  short  distance  frcsa  the 
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riversia&  to  seepa^  entry  (15O  ft)  at  line  B is  at- 

■taributed  to  tfce  alrsjst-c^roletely  cb^ssed  foundatim  saMs  in  “ffie  river- 
side pits.  clays  in  tis  ^rrow  pit  at  lines  C a^  tl  apparently 

force  -Uietpoint  of  see^^  entry  ^K>ut  5^0  ft  farmer  fits  tte  levee  than 
that  at  lirc  D.  Eie  v^nes  of  s vere  ^roroyiaately  constat  for  all 
river  sta^s  at  all  piezGseter  lii^,  5he  distance  to  ti^  sct^s  of 
seepage  at  the  crest  ^ ite  project  flood  vas  assm^  to  he  aiwi^  llxe 
sars  as  o'^rved  in  1^0. 

l^i  Seepage  e^t.  Bie  distances  froa  a Ting  400  ft  i^imrd  of 
the  levee  center  line  to  the  effective  seepa^  eatit  vefe  determrpd  at 
liiKS  G,  Bf  and  G-  Ine  average  gro^d  surface  arS  tailvater  toM  to  tm 
analysis  at  lines  C aid  D were  el  219.0  and  218-^^  ^respectively.  At 
line  G the  tailvater  assised  at  el  218.0  on  basis  of  average 
ground  surface  (plate  &)  and  estiimted  water  surface  to  the  dfnlnsge 
ditch  (ptote  31).  Valtos  of  jc^  vs  corresp<sdtog  river  stage  are 
plotted  to  fig.  28.  At  line  C,  vhere  the  top  stratsa  cixisists  of  about 

7.5  ft  of  clay,  Xj  vas  cpual  to  atout  700  ft  at  the  crest  of  the  1^0 
hi^  water.  At  lii^  D where  the  blastes  consists  of  about  5*5  ft  of 
clay,  3^  vas  atout  1^  ft.  At  line  G,  tte  day  stratir^  is  dx>ut 

8.5  ft  thick  and  was  about  hOO  ft.  It  is  telieved  that  for  the 
project  rtood  x^  wadd  to  about  the  sane  as  esticsted  for  tto  195C  hl^ 
vater.  &e  ctzparatively  cl^e  exit  at  line  B as  ccrpar^  to  lines  C 
aM  G is  attributed  to  the  thinner  to^  stratus  at  line  D- 

193.  toicKness  aid  pergeabUlly  of  sutotmtus  saids.  B»  ^rviois 
foudatito  2it  Gannoa  couists  of  an  in^r  stratun  of  fine  saids  dxnit  ^ 
ft  thi^  with  uderlying  strata  of  ^dius  to  coarse  sards  dxrd  125  to 
130  ft  thick  (plates  19-23,  aid  32).  Based  on  Idxjratory  ^r«ability 
tests  ax  ^disturtoi  am  jeaolded  sasples  an  average  persedsildiy  of 
dxjut  75  X 10  CES  per  sec  vas  obtained  for  the  fine  saidsj  latoratory 
3gergeability  tests  <m  the  coarser  sands  iid/.ca^d  a k^  of  7^  x 10 
ca  per  sec*  Tne  effecttve  tbicktoss  of  to;  aquifer  is  cmsider^  to  be 
about  135  ft.  Fr^  correlation  tote^en  Djq  bM  , toe  ^rsKabili'^' 
of  toe  sd»tratu3  vould  be  12CX)  x W~'*  ca  per  sec.  Ibe  permmility  of 
the  sidstratua  eexputed  frm  the  natural  seepage  masinred  on  7 February 


1^0  (5#  per  ic6-ft  stati<si)  in  ^ vicinli^^  of  ^iezc^ter  lise  C, 
ai^  tiie  correspfflidiBg  pi^c^tric  grsdieiit  at  line  C was  S'^O  x 10  cm 
ser  sec.  On  Use  basis  ^ t^se  data,  the  penseabili'^  of  tbe  saM 
sp^trafass  at  Gszxm  is  prol^ly  about  1(XX)  x 10  as  per  sec, 

1^.  Siidcness  am  permeability  of  top  steates.  *me  tbielmess 


1^.  ^lidcness  am  permeability  of  top  steatcs.  *me  tbielmess 
aniper^ability  of  the  top  stratum  %^re  estimate  for  lims  C,  D>  aM 
G 2^  ^e  gtvea  in  table  6.  effective  -^ckcess  of  tc^  stratm 
vas  ic^id  priiicipal^  on  an  average  of  conditims  near  t^  bem  vhsre 
seepa^  a^  t^ils  occurred.  2ie  permeabi^ty  of  tiie  clay  tcro 
stratua*  vas  deterriin^  ftca  the  nattnral  see^ge  i^asurea^ta  made  in  iflie 
vicinily  of  c and  p and  vas  detemined  f rtsr  blanket  forsilas  at 


all  thr^  lines  i 


l^t  estlmte  of 


at  tte  crest  of  the  1950 


va^r  ^ given  in  t^le  6 afd  ranged  f r^  alMut  5 to  *}0  x 10  cm 

per  seci  *py  hi^  valjx^  of  k^  can  Is  attributed  to  Ibe  mlatively 

thin  t^  st^tsra  and  tbe  nu^rom  sam  'mils  vnich  emitted  rates 

of  seepage  vita  relatively  littly  head  loss  throug^i  the  top  stratum. 

195.  Pergeability  jratio.  53s  ratio  of  the  permeability  of  tbe 

fouMation  t»  tlst  of  tis  t<^  stratum  is  estirsated  to  have  been  ^sout 

200  and  100,  re^ectively,  at  lines  C aid  G,  but  only  about  2>  at  lirui 

D st  •Us  crest  of  Us  1^0  bi^  -water,  ^tlmtes  of 

cre^  of  the  project  flccd  are  given  in  table  6. 

1^.  Seepage  flcv.  Setpage  passing  tsceatb  -Us  levee  at  lines  C, 

D,  am  G at  tis  crest  of  Us  1^)  flood  aid  for  tis  project  flocd,  was 

estima-ted  using  corres^ndl ng  values  of  observed  H , s , aid  x^  for 

these  floods.  At  Us  1^3  <^st  Q •was  estlsated  ■to  Is  aUxit  1^ 

s 

300  ft  of  levee  (Qg/K  = 12  gjm)  at  llxss  C aid  G aid  djmt  jOO  gss 
= 27  g^)  at  Ills  D.  At  preset  ficKd  stage,  vaiM  probdily 
be  dsat  ^0  aid  7W  gm  per  20G  ft  of  levee  at  lines  C aid  G,  aM  llis  D, 
re^sctively,  Q^/H  as  detersixsd  tsress  seemge  weosixresents  isar  liis  C 
vas  abmt  6 (t^le  6),  or  ^wut  half  of  'the  estimated  -ictal  scepace 
pissing  Ismatb  the  levee  was  emrging  ^tween  Us  levee  and  Us  dralmgc 
ditUi,  a smrt  distance  laidward.  Fros  them  flmvs,  it  my  mncluded 
Uat  a rate  of  mUiral  scemge  occurs  at  Us  Garmn  site. 

1^.  Inidside  sisstmtus  pressures.  laidside  suldtraUa  pressures 
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that  developed  at  the  berm  toe  hear  the  crest  of  the  1950  flood  are  shovn 
on  plate  29.  Readings  of  certain  piezometers  landward  of  the  levee  have 
been  plotted  vc  corresponding  river  stages  on  plates  30  and  31*  Esti- 
mated substratum  pressures  for  river  stages  up  to  a project  flood  stage 
are  also  shown  on  these  plates.  The  head  on  the  levee,  t^e  and  thick- 
ness of  top  strata,  and  substratum  pressxures  at  typical  piezometers  along 
the  landside  toe  of  the  berm  axe  given  in  table  7* 

198.  Piezometer  A-1  was  installed  near  the  intersection  of  the 
landward  levee  toe  and  filded  channel  (coiirse  9,  plate  17;)  . It  appears 
that  the  hydrostatic  head  at  piezometer  A-1  at  the  project  flood  probably 

will  not  be  more  them  h (based  on  i = 0.85)  because  h at  the  cor- 

CO  o 

responding  river  stage  is  estimated  to  be  3.3  ft  less  than  h . At  pi- 
ezometer B-2,  an  excess  head  of  3*6  ft  developed  with  a tendency  to  remain 
essentially  constant  near  the  crest  of  the  1950  flood.  Although  h^  = 

*<•.7  ft  (for  i^  = 0.85),  the  maximum  head  that  can  develop  appears  to  be 
only  3*6  ft,  which  corresponds  to  a gradient  of  0.62.  Similarly  an  ex- 
cess head  of  3*3  ft  developed  at  piezometer  C-5  at  a river  height  of  9 
ft  and  remained  constant  until  the  flood  crested.  This  excess  head 
corresponds  to  a gradient  of  only  0.44.  Active  sand  boils  can  be  ex- 
pected in  the  area  bounded  by  piezometers  B-2,  C-5,  end  C-6  at  the  project 
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Co  lev»e,  Tpp  Strata,  Su»«trttu«  ?f«iure«t  CradlenU  through  Top  Strata  «ilona  Toe  cf 
Qggieo,  Ark.,  Site 
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flood  stage  asi  it  -v^ll  create  an  H atout  15  ft  greater  than  toat  fe- 
<quired  tp^develop  sand  l^ils  i(see  iplate  ZO)-  Seepage  will  also  be  con- 
■centrated;  in  -tois  area  because  of  the  thick  clay  deposit  immediately 
landward  ipf  the  le^ree. 

199*  A river  height  of  11. 5 ft  created  an;  excess  head  of  2.5  ft 
and  sand  iboils  near  piezometer  D-10;  additional  boils  may  be  e:g)ected 
at  river  heights  of  more  than  12  ft.  Sand  boils  also  developed  in  the 
vicinity  of  piezometers^E-l4  and  G-l8  at  H = 12  ft;  h^  at  these  pi- 
ezometers! was  about  4.0  ft. 

;Eval;^i&  of  iseepage 
problem  &d  recommenda- 
tions:  for.:  control  measures 

200.  River  stages  dxiring  the  1950  aiid  1937  floods  created  net  heads 
of  12.5  and  20  ft,  respectively,  on  the  levee  and  caused  considerable 
seepage  and  sand  boils;  sand  boils  began  to  develop  at  an  H of  9 to  11 
ft.  ’The  project  flood  will  resiolt  in  an  H of  about  25  ft.  River 
stages  in  excess  of  the  I950  flood  will  increase  the  number  and  severity 
of  boils  without  much  increase  in  substratum  pressxire  landward  of  the 
levee.  The  landside  drainage  ditch  aggravates  the  seepage  condition  at 
the  site.  The  reach  between  sta  I38/6  and  139/25  is  the  most  critical. 
Concentrations  of  seepage  can  be  expected  at  sta  138/6  at  the  edge  of 
old  channel  S,  and  as  a result  of  the  landside  drainage  ditch.  Based  on 
readings  of  piezometer  A-1  conditions  do  not  appear  critical  beneath  the 
filled  channel.  Analyses  of  the  piezometric  and  seepage  data  at  the 
Gammon  site  indicate  that  the  existing  berm  is  somewhat  too  narrow  and 
about  2 ft  too  thin  between  sta  138/4  sind  139/24.  Additional  control 
measures  recommended  are  either  a line  of  relief  wells  along  the  toe  of 
the  existing  seepage  berm  or  an  enleurgement  and  extension  of  the  exist- 
ing berm  including  baclcfilling  of  the  drainage  ditch.  Another  method 
of  seepage  control  that  may  be  applicable  at  Gammon  is  blanketing  of  the 
exposed  borrow  pits  with  clay. 

Commerce,  Mississippi 


201.  Commerce  was  originally  ‘•siiected  as  a site  for  investigation 


because  heavy  underseepage  and  numerous  sand  boils  occurred  there  dtiring 
the  1537  flood.  In  general,  the  site  is  located  on  point  bar  deposits, 
the  top  of  which  consists  primarily  of  3 to  6 ft  of  silt  overlain  W 2 
to  ft  of  clay.  The  top  stratum  landward  of  the  levee  is  characterized 
by  mmeroi^  ridges  and  swales. 

Description  of  site 

202;  The  site  is  located  approximately  10  miles  north  of  Tunica, 
Miss.,,  where  the  levee  is  approximately  2200  to  1^500  ft  from  the  Missis- 
sippi River.  The  site  extends  from  levee  sta  22/4o  to  2k/k;  however, 
most  of  the  investigation  was  centered'  in  that  reach  of  levee  from  sta 

22/45  to  23/30. 

203.  Plans  of  the  site,  river,  borrow  pits,  surface  geology,  to- 
pography, and  piezometers  are  shown  on  plates  33  and  34.  Plate  35  is  an 
aerial  mosaic  of  the  site  and  includes  as  an  insertion  an  aerial  view 
made  prior  to  construction  of  the  existing  levee.  The  levee  has  a net 
height  of  approximately  22.5  ft.  Riverside  borrow  pits  5 to  10  ft  deep 
and  500  to  700  ft  wide,  in  which  much  of  the  riverward  top  blanket  has 
been  removed  (plate  34),  exist  along  the  site  from  sta  22/40  to  23/30. 

A fairly  large  old  slough  exists  landward  of  the  le^3e.  River  stages 
at  the  site  can  be  estimated  from  the  Men^jhis  gage  ai.d  the  graph  on 
plate  32. 

204.  History  of  underseepage.  During  the  1937  hi^  water,  an  H 
of  21  ft  caused  heavy  mderseepage  from  the  levee  toe  for  a distance  1000 
ft  landward  between  sta  23/5  und  23/18.  Several  quite  large  sand  boils 
developed  and  numerous  boils  required  sacking  (see  plate  32).  The  levee 
also  becana  saturated  for  50  to  75  ff  up  the  landside  slope.  Heavy  under- 
seepage was  also  observed  from  sta  23/18  to  25/3*  Locations  and  approx- 
imate size  of  the  I937  sand  boils  are  shown  in  detail  on  plate  34.  In 
1940,  a landside  seepage  berm  about  8 ft  thick  at  the  levee  toe  and  I80 
ft  wide  was  constructed  along  the  levee  (plate  34).  Typical  sections  of 
this  berm  are  shown  on  plates  36-40. 

205.  During  the  I95O  high  water,  when  H = 9 f t ; much  of  the 
area  landward  of  the  levee  between  sta  22/23  and  23/35  'was  covered  with 
water,  but  no  sand  boils  were  observed  along  the  toe  of  the  seepage  berm. 
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iSeepageif  low  :bie tween;  ista  22/2lj-  and  23/36  as  >measui^  on  Si^ebrus^y  I950 
iwith  H*  = 8.2  if t amomted  to»approximately  60  gpm  per  100-ft  station,  or 
■approximately  7*5  gpm!>per  lOOrft  station  per  ft  H-  . The  iseepage  flow 
»was  measxired  n't  3ift  c\ilyert  shown  on  plate  33* 

206.  An  - experimental  felief  well  system^^  .-with  wells  on  50- ft 
icenters- was  installed;  between  sta  22/42+00  and  23/26+32  along  the  land- 
-side  toe  of  the  seepage  berm,  in  Dece^mber  1942  and-  January  1943.  These 
wells  -vrere  pl^ed  in  ^eratioh  d\arihg  high  river  stages  that  occi^red 

in  May -Md  June  1943.  The  average  well  flow  from  this  system  was  22  gpm 
for  H.  = 7*4  ft  , or  approximately  6 gpm  per  foot  H per  100  ft  of  levee, 
■pie  es'timated  ■combiried  well  flow  and  natural  seepage  per  100  ft  of  levee 
jper  ft  H was  7.5  gpm.  This  value  checks  the  natural  seepage  measured 
iduring  the  1950  high  water  without  any  relief  wells  in  operation.  The 
well  installation  at  Commerce  was  plugged  in  December  1943. 

207.  Piezometer  installation^  The  piezometers  were  installed  in 
1942  except  for  1 through  13  which  were  installed  in  1944.  Piezometers 
E-3-X  and  H-IO-Y  were  removed  in  1944.  The  piezometer  installation  con- 
sists of  several  lines  (E,  H,  M,  0,  R,  S)  perpendicular  to  the  levee  at 
sta  23/2+75,  23/10+75,  23/20+25,  23/25+25,  23/30,  and  24/3+40,  respec- 
tively, with  piezometers  along  the  toe  of  the  levee  between  sta  22/46+25 
to  23/30  (plate  34).  Piezometer  line  H extends  from  an  old  abandoned 
levee  near  the  bank  of  the  present  river  channel  to  a point  almost  2 
miles  landward  of  the  present  levee.  The  tips  of  a number  of  piezometers 
on  lines  H and  M were  installed  at  different  elevations  in  the  per- 
vious substratum  to  measure  the  difference  in  artesian  pressure  at  dif- 
ferent elevations  in  the  sand  stratum  (plate  39)*  lu  general,  most  of 
the  piezometer  tips  are  in  the  top  of  the  main  sand  stratum.  Readings 
were  obtained  at  Commerce  during  the  high  water  of  1943  and  1950. 

Geology  of  site  and  soil  conditions 

208.  The  general  geology  of  the  site  is  illustrated  on  plate  33* 
More  detailed  information  regarding  the  type  and  thickness  of  top  stratum 
materials  is  shown  on  plate  34.  The  principal  area  of  investigation  is 
located  in  point  bar  deposits  formed  while  the  river  occupied  course  l4 
(plate  33)  and  is  bordered  on  the  landside  by  an  old  slough,  also  a 
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recant  tof  course  l4.  ffie  point  ibar  depoMts;  landvard  of  the  levee  at 
•Cdgerce  have  2 to  6-  ft  of  relief  (plates;  34  and  39)  • 

2^.  jLandward  of  the  old  slou^,  showhi  on  plates  33  and  3*<-#  are 
two'hroad,  fiat,  arcjaate- topographic  lows  (river  courses  9 and.  lO);  filled 
wi^  15-  to  20  ft  of  clay  which  is  covered  with  a natural  levee  deposit 
of  isandy  silt  and  lean  clay,,  presumably  laid  down  while  the  river  oc- 
cupied ■ course  14  (plates'  3^  and  39) • These  latter  deposits  also  exist 
immediately  landward  of  the  levee  at  piezometer  line  S (plates  34  and 

210.  The  alignment  of  point  bar,  sandy  ridges,  and  intervening 
sw^esi  is  mvistal.  Under  the  levee  and  for  some  idistance  riverward  they 
tiand  at  ahi.angle  of  about  45°  to  the  levee,  whereas  landward  of  the  ievee 
the  aligtmaent  is  rou^ly  parallel  to  the  levee.  The  point  bar  area  ap- 
pears to  be  blanke-ted  by  thin  natural  levee  deposits;  however,  they  are 
difficult  to  distinguish  from  the  underlying  fine-grained  top  stratum  of 
the  point  bar  materials. 

211.  The  point  bar  deposits  consist  of  alternating  ridges  of  sandy 
silts  and  silty  sands  with  intervening  swales  filled  with  clay  (plates 
38-4o)  , The  swales  are  usually  relatively  shallow,  the  clay  being  only 

8 to  iS  ft.  deep,  and  except  in  one  or  two  instances  the  sandy  ridges  are 
blanketed  with  2 to  & ft  of  clay.  The  irregularities  and  thickness  of 
the  top  stratum  largely  reflect  subsurface  ridges  and  swales. 

212.  Relation  of  underseepage  to  geology.  Most  of  the  sand  boils 
occurring  during  the  1937  high  water  were  located  between  sta  23/4  and 
23/27  and  between  the  then-existing  landside  levee  toe  and  a clay-filled 
swale  paralleling  the  levee  toe  at  a distance  of  about  3OO  ft  (see  plates 
34  and  38-4o).  This  sv^le  is  100  to  200  ft  wide  and  thickens  from  about 
6 ft  at  sta  23/10  to  35  -"t  at  its  junction  with  the  old  slougja  at  sta 
23/30.  The  gro\md  suirface  in  the  swale  is  2 to  5 ft  lower  than  the 
ground  on  which  the  levee  is  constructed.  The  width  and  depth  of  this 
swale  no  doubt  tend  to  concentrate  the  seepage  between  it  and  the  toe  of 
the  levee  where  the  substratum  hydrostatic  head  is  greatest.  It  is 
pointed  out  that  the  toe  of  the  existing  seepage  berm  is  now  onJ^  about 
100  ft  from  the  edge  of  the  swale.  VIhile  the  seepage  berm  increases  the 
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length  iOf  tlfe  path  of  seepa^  it  -^11  tend  to  fvirtoer  concentrate'  seepage 
^tween  the  iswale?  and  ihe  tde  of  the  berm.  The  probable  predominating 
causesisof  seepage  and  sand  boils  in  this  reach  of’  leved  are:  the  close 

seepage  entrance  in  the  riverside  borrow  pits  which  have  been  generally 
excavhted  to  sand;  the  igreat  depth  of  very  pervious  substratum  sands; 
and  the  thinness  of  the  landside  top  stratum  immediately  landward'  of  the 
levee  toe  (plate  37) • 

213.  The  natural  levee  deposits'  underlain* by  impervious  clays, 
which -form  la  mantle  26»to  3Q  ft  toick  landward  of  the  bid  slou^,  con- 
stitute an  effective  block  to  underseepage  landward  of  the  slou^.  Con- 
sequently, most  \mderseepage  in  the  point  bar  area  landward  of  the  Com^ 
i^rce  levee  ;must  come  to  the  surface  in  the  area  between  the  toe  of  the 
levee  and  the  thick  clay  deposit  landward.  Little  seepage  was  observed 
along  the  reach  of  levee  between  sta  23/40  and  24/20  where  the  top  stratum 
is  10  to  20  ft  thick  and  the  borrow  pits  expose  very  little  of  the  under- 
l^g  pervious  sands. 

214.  Soil  profiles  and  piezometer  lines.  The  locations  of  piezom- 
eter and  borings  are  shown  in  plan  on  plates  33  and  34.  Soil  profiles  and 
piezon^ter  lines,  both  perpendicxUnr  and  parallel  to  the  landside  toe  of 
the  levee,  are  shown  on  plates  36  to  40.  Three  principal  piezometer 
lines  perpendicular  to  the  levee,  lines  E,  H,  and  M,  are  located  in  the 
area  where  underseepage  was  most  severe  during  the  1937  high  water.  One 
line  of  piezometers  S perpendic\ilar  to  the  levee,  is  located  downstream 
of  the  point  bar  are^.  where  relatively  little  underseepage  was  observed 
during  the  1937  high  water. 

215.  The  sediments  that  make  up  the  top  stratum  in  the  point  bar 
area  are  quite  variable  in  thickness  and  in  type,  ranging  from  clays  to 
silty  sands.  The  top  stratum  immediately  landward  of  the  levee  in  the 
area  of  heaviest  under seepage  (sta  23/5  to  23/30)  consists  of  a thin 
layer  of  clay  3 to  5 ft  thick  underlain  by  3 to  8 ft  of  silty  sand  or 
sandy  silt.  Numerous  clay- filled  swales  and  sandy  ridges  exist  imme- 
diately landward  of  this  reach  of  levee.  Downstream  of  the  old  slough 
at  sta  23/40  the  top  stratian  consists  of  a fairly  uniform  layer  of  im- 
pervious deposits  approximately  10  to  I8  ft  thick. 


216.  Hie  perviousi  substratum  in  tbe  Commerce  area  consists  of 
s^ds  and  ^avelly  sands . Generally  the  pervious  stratum  increases  in 
coarseness  vith  depth  but  coarse  sands  do  exist  to  sane  ejd^ent  near  the 
top.  Borings  reveal  only  an  occasional  thin  lens  of  fine-grained  soils 
ih;  the  pervious  svibstratum.  Two  borings  made  to  ^rtiary  revealed  that 
the  substratum  was  very  pervious  and  approximately  175  ft  thick.  Me- 
chanical analyses  of  sand  samples  taken  from  the  pervious  substrat\mi  at 
Commerce  ere  shown  on  plate  32. 

Analysis  of  piezomet- 
ric  and  seepage  data 

217.  River  stage  and  piezometer  readings  obtained  dvu’ing  the  19^3 
and  1950  high  waters  are  plotted  on  plates  4l-46.  At  the  crest  of  these 
high  waters,  H = 8 to  9 ft.  During  part  of  the  1943  hi^- water  period 
a relief  well  system  was  in  operation;  however,  the  system  was  closed 
between  9 April  and  6 June.  An  analysis  of  this  relief  well  system  has 
been  reported  in  reference  45  and  is  not  repeated  herein.  The  analysis 
of  data  that  follows  pertains  to  conditions  observed  when  the  wells  were 
closed,  except  that  estimates  of  the  permeability  of  the  substratum  were 
based  in  part  on  well  flows  corresponding  to  piezometric  data  obtained 
when  the  wells  were  flowing.  No  relief  wells  were  in  operation  during 
the  1950  high  water  and  therefore  the  following  analyses  of  the  1943  and 
1950  piezometric  data  are  on  a comparable  basis. 

218.  Piezometric  gradients  in  the  perviorus  substratum  beneath  the 
levee  at  piezometer  lines  E,  H,  M,  0,  R,  and  S arc  shown  on  plates  47-56 
for  selected  river  stages  dviring  the  1943  and  I950  high  waters.  Gradients 
at  short  piezometer  lines  perpendicular  to  the  levee  (lines  A,  C,  F,  and 
j)  are  shown  on  plates  57  and  58/  which  also  include  the  hydrostatic  head 
along  the  toe  of  the  levee  as  measured  by  line  T piezometers.  From  these 
plates  it  can  be  seen  that  excess  heads  of  about  I.5  to  3*5  ft  developed 
at  or  landward  of  the  berm  toe  from  about  sta  22/48  to  23/25  at  the  I95O 
crest.  (The  hydrostatic  head  as  measured  at  the  toe  of  the  seepage  berm 
at  line  S by  piezometer  3-X  is  believed  lower  than  the  head  that  probably 
existed  because  the  tip  of  this  piezometer  was  not  set  in  clean  sand.) 
Hydrostatic  heads  were  above  the  ground  surface  from  the  toe  of  the  levee 
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to  the  slhugh  landward  of  the  levee  (see  piezometer  lines  E,  H,  0, 
ffid  R,  plates  The  hydrostatic  grade  line  in  the  pervious  suh- 

stfatvun  at  line  H flattened  rapidly  landward  of  the  levee;  however,  as 
nay  he  seen  from  plate  50,  it  still  had  some  slope  landward  of  the  slough 
^dicating  a certain  amount  of  seepage  beyond  the  slough.  As  the  hydro- 
sfetic  head  was  below  the  ground  surface,  none  of  this  seepage  emerged 
above  groimd  but  flowed  into  ground  storage  landward  of  the  slou^.  The 
highest  h^  during  the  I95O  high  water  was  about  3*5  ft  (see  lines  E, 

H>  and  M,  iplates  48,  50,  and  52,  respectively). 

219.  A sunmary  of  information  pertEiitting  to  the  site  and  results 
of  analyses  of  piezometric  and  seepage  data  are  given  in  table  8. 

220.  Som-ce  of  seepage.  Seepage  may  enter  the  pervious  aq.viifer 
throur'i  the  bank  of  an  old  channel  of  the  1-Iississippi  River  and  through 
riverside  borrow  pits  (see  plates  34,  36-3.9)* 

221.  Values  of  s determined  from  piezometer  lines  E,  H,  and  M 

for  various  days  during  the  I943  and  1950  high-water  periods  are  plotted 

in  fig.  29.  (Becaiise  of  the  uncertainty  as  to  the  accuracy  of  the  read- 
ings obtained  from  piezometer  3-X  on  line  S,  the  value  of  s at  this 

line  was  not  determined.)  The  values  of  s shown  in  fig.  29  and  plates 

48,  50^  and  52  indicate  that  seepage  enters  the  sand  substratum  primarily 


Fig.  29.  Distances  to  effective  seepage  source  and  exit. 
Coimnerce,  lines  E,  H,  and  M 
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I^ou^  the  ibora^  pits  v^re  most  o£  the  -natxifal  i^ervious  top  stratym 
h^  '^in  r@Dvedi  It  is  pointed  out  that  piezc^teys  1,  2,  aM  3 river- 
v^rd  of  the  levee  on  line  H (plate  50)  indicated  hydrostatic  heads  al- 
TOst  e^Tial  to  the  river  stage.  The  distance  to  the  effective  source  of 
seepage  at  lines-E,  E,  and;M  was  about  950  ft,  I50O  ft,  and  925  ft,  re- 
^•ectively,  at  -ffie  crest  of  both  the  19lt3  and  1950  hi^  mters  (fig.  29 
and  table  8).  Fig.  29  shows  that  s deceased  considerably  as  the  river 
rose.  From  the  plotted  values  of  s vs  fiver  rstage  in  fig.  it  is 
estimated  liat  the  sowce  of  seepage  may  be  as  close  as  800  ft  at  lines 
E:;and  M at  the  project  flood  stage,  and  1350  ft  at  line  H.  At  lines  E 
M the  effective  source  of  seepage  entry  thus  would  be  only  400  ft 
ffOT  the  rircrside  toe  of  the  levee. 

22^.  .Seep^e  exit.  Values  of  are  plotted  vs  corresponding 
river  stages  in  fig.  29  for  both  the  19^3  and  I950  hi^  waters.  The 
average  ground  surface  and  tedlwater  tased  in  the  determination  of 
are  shown  at  the  left  in  fig.  29.  At  piezometer  lines  E and  M,  where 
llie  top  stratum  consists  of  about  2 to  3 ft  of  clay  underlain  by  about 
3*.  to  6 ft  of  sandy  silt,  x^  was  about  5OO  ft  at  the  crest  Of  both  the 
1943  and  1950  hi^  waters.  At  line  H,  x^  was  about  1000  ft.  Althou^ 
the  top  stratxim  immediately  landward  of  the  seepage  berm  at  line  H is 
similar  to  that  at  lines  E and  M,  it  is  somewhat  thicker  and  more  ir^per- 
vious  landward  of  the  levee,  which  is  probably  the  main  reason  for  the 
greater  x^  at  line  H.  It  is  estimated  that  at  the  project  flood  x^ 
will  be  about  500  ft  for  piezometer  lines  E and  M and  about  ^X)  ft  for 
line  H. 

223.  Thickness  and  permeability  of  s\d)stratum  sands.  Ihe  pervious 
foundation  at  Conmerce  consists  of  alternating  strata  of  medium  and 
coarse  sands  with  some  finer  sand  strata  near  the  surface,  scmse  of  which 
are  also  interspersed  in  the  deeper  and  coarser  strata  (see  plates  36 
and  37)*  She  pervious  foxmdation  has  an  effective  thicimess  of  about 
165  ft.  The  permeabili-fy  of  the  sand  aquifer  was  estimated  from  labora- 
tory permeability  tests  made  on  samples  of  sand  obtained  with  a bailer 
sampler,  correlation  of  vs  k^  as  shown  by  fig.  17,  seepage  and 

piezometric  data,  relief  well  flow  and  related  piezometric  data,  and 
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field  pumping  tests.  ^Qie  results  of  these  determinations  are  sunasarized 

in  table  8.  Bie  laboratory  permeability  tests  indicated  an  over-aH 

-4 

average  of  about  750  x 10  cm  per  sec,  vhercas  the  other  tests  ana 

^ —4 

determinations  indicated  a of  about  85O  to  1000  x 10  cm  per  sec . 

OKe  permeability  as  determined  from  the  field  nunping  tests  as  described 
in  Appendix  C gave  a k^  of  1000  x 10  cm  per  sec.  As  this  valm  is 
considered  to  be  the  most  reliable,  it  was  used  in  the  subsequent  com- 
putations of  seep^e  flow  beneath  the  levee. 

224.  IMckhess  and  permeabilily  Of  top,  stratum.  Hie  average  t<^ 
stratum  landward  of  the  berm  toe  at  Commerce  is  considered  to  have  an  ef- 
fective thickness  of  about  6 to  7 ft;  as  may  be  seen  from  plates  38  and 
39  the  top  stratum  along  the  berm  toe  consists  of  about  2 or  3 ft  of 
clay  underlain  by  3 to  6 ft  of  sandy  silt  or  silty  sand.  However,  it 
should  be  noted  that  the  character  and  thickness  of  the  top  strati©  land- 
ward of  the  levee  vary  considerably.  On  the  basis  of  the  top  stratum 
thicknesses  set  forth  in  table  8,  k^j^  computed  from  piezometric  data 

during  the  1943  and  1950  high  waters  at  lines  E,  H,  and  M was  found  to 

-4 

be  about  2 to  5 x 10  cm  per  sec.  Hie  lower  permeability  of  the  top 
stratum  at  line  H (see  table  8)  can  probably  be  attributed  to  the  greater 
extent  and  thickness  of  clay  existing  along  this  line.  The  permeability 
of  the  top  stratum  based  on  seepage  measured  landward  of  the  levee  dur- 
ing the  1950  high  water,  the  average  thickness  of  the  top  stratum,  and 

excess  head  in  the  area  landward  of  the  levee  where  the  observed  seepage 

-4 

emerged  was  about  3 x 10  cm  per  sec. 

225.  Permeability  ratio.  Hie  ratio  of  permeability  of  the  founda- 

tion to  that  of  the  top  stratum  at  piezoc^ter  lines  E and  M is  estimated 
to  be  about  200  to  250;  at  line  H the  ratio  is  estimated  to  vary  between 
500  and  800.  Estimates  of  fo^  "the  crests  of  Ihe  1943,  1950  > 

and  project  floods  are  given  in  table  8. 

226.  Seepage  flow.  Seepage  passing  beneath  the  levee  at  lines  E, 
H,  and  M at  the  crests  of  the  1943  and  1950  hi^  waters,  and  for  the 
project  flood,  was  estimated  using  the  corresponding  values  of  H , s , 
and  Xg  for  these  floods.  The  estimated  at  the  I943  and  1950 
crests  ranged  from  about  80  to  160  gpm  per  100  ft  of  levee.  Natural 


seepage  at  a project  flood  stage  vould  probably  be  about  250  to  450  g^ 
iper  100  ft  of  levee.  /H  during  the  1^0  hl^  water  was  estir^ted  to 

=S 

range  fr^  about  10  to  i?  gpa  per  100  ft  of  levee;  Q.^/e  as  deternined 
fr<aa  seep^e  i^asi;^isents  during  this  hi^  water  about  7 gpa  (see 
table  8)  . In  conparing  the  above  values  of  Q /H  and  Q,/H  , it  is 
tainted  out  that  Qg/fi  as  deternined  fr<®  piezocetric  data  and  founda- 
tion. per^ability  characteristics  represents  tee  total  seepage  flow  pass  - 
ing  beneath  the  levee,  whereas  tte  v^ue  for  Q./H  includes  only  the 
iseep^e  e^rging  between  tee  levee  aSd  tee  slough  landw^ird  of  tee  letee. 
On  tee  b^is  of  tee  piezraistric  gradients  obsenred  at  lines  H M dur- 
ing the  1950  high  ^ter,  plates  50  and  52>  respectively,  it  appears  that 
approxinately  80  to  90  per  cent  of  the  ccsrouted  seepa^  Q was  emerging 
landward  of  the  le^ree  during  the  1950  flo<^.  During  higher  river  stages 
when  the  ground  storage  would  probably  be  filled  for  greater  distances 
landward  of  tee  levee,  practically  all  of  the  seepage  passing  beneath 
tee  levee  at  Coamrce  nay  be  expected  to  rise  to  the  surface.  Frcn  these 
data  it  nay  be  concluded  that  the  Coaoerce  site  is  subject  to  a hi^ 
rate  of  natural  seepage. 

227.  Landside  substratua  pressures.  Ihe  hydrostatic  pressures 
teat  developed  along  the  toe  of  the  bern  at  or  near  tee  crest  of  the  1943 
and  1950  floods  are  shown  on  plates  57  and  58  (line  T).  Plots  of  re:^- 
ings  of  selected  piezc^ters  at  or  near  the  landside  toe  of  tee  levee 
vs  river  stages  are  shown  on  plates  59  and  60,  which  also  show  estiiiated 
sxjbstratua  pressures  for  river  stages  vp  to  tee  project  flo^  stage. 

The  head  on  the  levee,  top  stratum  characteristics,  and  substratum  pres- 
sures at  typical  piezraieters  along  the  landside  tc^  of  the  bem  are  given 
in  table  9. 

223,  Plates  41-46  show  that  the  maxiinum  hc^s  landward  of  the 
levee  lagged  only  one  or  two  days  behind  tee  crest  of  tee  river.  The 
lag  of  approximately  five  days  in  developsent  of  excess  heads  londvart 
of  tee  tevee  after  the  river  reached  the  levee  can  be  attributed  to  fill- 
ing of  tee  natural  ground  storage  landwate  of  the  levee  as  tee  river  rose. 

2^,  The  data  shown  on  plate  59  in  tabte  9 indicate  teat  iro- 
lift  pressures  sufficient  to  cause  sand  boils  can  be  esqjected  to  develop 
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along  the  toe  of  the  e3dLsting  seepa^  tcm  frca  sta  22/i^3  "to  23/15  at 
river  heists  on  tl^  levee  in.  excess  of  8 to  12  ft.  Bie  lack  of  occunreace 
of  sa^  boils  during  the  1950  hi^  vater  say  be  attributed  to  the  lov  head 
on  the  lo\^  (H  = 8 to  9 ft)  ai^  isavy  uaiforn  sewage  ’Aich  termed  to 
prevent  the  develop^t  of  any  hi^  intlift  pressures  (h^  = i.O  to  3*5 
ft)  ; see  table  9.  Biese  valtss  of  corxesiKJiid  to  approxiisitely  ^ 
to  35  ^r  cent  of  E . Bie  gaacitsci  gradient  throu^  the  top  strati’n  ob- 
served during  the  1^0  hi^  vater  ranged  frcia  alxnxt  0.6  to  0.7.  la  sa- 
cral, "tile  gradients  throu^  the  t<^  stratus  ranged  froa  abou*  0.2  to  0-4. 
3h  sxssary,  excess  besds  as  hi^  as  3 to  6 ft  elxjve  grou^  and  nissrous 
saM  hoHs  say  be  ejected  to  t^cur  at  -tiie  C<Kserce  site  fr«3  sta.  22/43 
to  23/30  *Aen  the  ri^rer  stage  is  higher  than  10  to  I5  ft.  Excess  he^s 
greater  than  3 to  6 ft  are  not  es^ctcd  to  occur,  as  the  t<^  stratus  can 
vithstand  only  heals  of  this  anount  before  it  natures.  H of  iMre  ttan 
30  to  15  ft  can  be  ejected  to  Increase  the  nuster  severity  of  the 
sand  lx>ils.  In  viev  of  tls  fa:t  that  the  project  flood  sta^  viU  create 


an  H of  approxirately  22  ft,  nussroiis  and  possibly  severe  saM  boils 
rtll  probably  dewljc^  i0.ong  this  reach  of  levee  at  sijych  a flood  stage. 


2^.  Eb^^rald^  4ata  dowistre^  -of  sta  23/30  inad^uate  to 
acetate  eyal^3^jL^g^  ^ cta^ttons  In  tMs  a^a.  ff^»^ver,  cm 
tas^  of  zatimr  oueatLonable  data  fzcsi  piezoDeter  Unc  S,  coi^ti<ms 
dcimstiSi^  of  ste  23/30  mmarently  are  mt  imarly  as  critical  as  those 
^slare^pof  this^^dat. 

Bsfd^^staticihesd  vsadepth.  Sever^  piezessters  \rere  installed 


at  varied  elections  •stthin  the  pervious  substratisa  a:m  in  tne  top 
stratmi  ^ deta^ne  v^iati^s  in  head;  at  depto  vithin  the  saM  stratim 
iM  loss:  of  head  as  tlm  isubsurf^e  see^gs  reme  to  -gie  .surface.  2ie  pi- 
ezesetrip  heed  ^mve  grots^  surfacaas  iseasrcred  ty/^ieze^ters  at 
diffei^t  dep^m  cm  linSa  H aifliiH  at  cQibut  the  crest  of  the  1^0  hi#i 
vater  (n  = 8 to  5 ft)  is  plotted  in  fig.  30.  niis  figme  indicates  that 
hydSmtatic  at  a depth  of  ^m^xiEStely  ^ ft  belov  -Hie  tern  of 

f^Si«Tac  >c«3  f M «*oui«  *»r«cc  M nzr 
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tig.  30*  H.ez^mirlc  tead  abova  grenma  surface  at  various  d^lhs  laM- 
iard  of  levee^  tesserae.  Kiss.  (Eote;  figures  in  parentheses  are  river 
stage  H above  «ouM  m 1 Febnmry  1^)) 


232.  Net  heads  of  8 to  9 ft  on  the  levee  dioring  the  1950  high 
vater  did  not  cause  the  formation  of  sand  boils  along  the  levee  at  the 
Commerce  site.  However,  from  an  analysis  of  the  piezometric  data  and 
soil  conditions  at  the  site,  it  appears  that  uplift  pressvires  sufficient 
to  cause  sand  boils  will  probably  occur  when  the  river  is  higher  than 

10  to  15  ft  on  the  levee  (8  to  12  ft  below  the  project  flood  stage). 
Although  this  levee  withstood  a head  of  approximately  20  ft  dviring  the 
1937  high  water,  numerous  sand  boils  occurred  which  required  controlling. 
The  seepage  berm  constructed  in  1940  no  doubt  has  improved  the  safety  of 
the  levee,  in  that  it  has  practically  eliminated  any  danger  of  sloughing 
of  the  landside  slope  as  a result  of  seepage,  and  has  forced  the  point 
of  any  subsurface  piping  farther  from  the  levee  proper.  However,  in  the 
construction  of  this  berm  new  borrow  pits  were  opened  riverward  of  the 
levee  which  probably  reduced  the  distance  to  the  effective  source  of 
seepage  entry  from  that  existing  in  1937 « Also,  the  berm  and  clay-filled 
swale  and  thicker  top  stratum  immediately  landward  of  the  levee  have  cre- 
ated a condition  that  will  cause  concentration  of  seepage  in  a much  nar- 
rower area  from  sta  23/0  to  23/30  than  existed  during  the  1937  high  water 
(see  sections  E,  H,  M,  0,  and  R on  plates  38"4o). 

233.  In  view  of  these  conditions  and  because  of  the  close  source 
of  seepage  in  the  riverside  borrow  pits  and  the  perviousness  of  the  foun- 
dation sands,  additional  seepage  control  measures  are  recommended  to 
further  insure  the  safety  of  the  levee  at  project  flood  stage.  The 
existing  berm  has  more  than  adequate  thickness  but  is  considered  somewhat 
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narrow.  'Measures  recc^ended  are  eithe  . a line  of  relief  wells  along 
i:he  toe  of  the  seepage  berm  or  widening  of  the  berm. 

Trotters  51,  Mississippi 

234.  Trotters  51  was  selected  for  intensive  stiidy  because  of  the 
very  serious  underseepage  and  sand  boils  that  occurred  there  during  the  ^ 

1937  h;.^- water.  Since  1937>  a large  seepage  berm  and  sublevee  basins  j 

have  been  constructed.  The  top  stratxan  landward  of  the  levee  between  , 

levee  sta  50/0  and  51/0  is  extremely  variable.  Along  the  toe  of  the 
seepage  berm  the  top  stratum  consists  essentially  of  silt  5 to  20  ft 
thick;  a thick,  massive  deposit  of  clay  lies  100  to  300  ft  landward  of 
the  berm  toe.  A reach  of  levee  from  sta  52/20  to  53/O  wheie  the  top 
stratum  landward  of  the  levee  is  quite  thin  (3  to  5 ft  of  clay  with  some 
silt  and  intervening  sandy  ridges  and  clay-filled  swales)  was  also  se- 
lected for  study  and  installation  of  piezometers.  This  reach,  althou^ 
subject  to  seepage,  hud  not  been  considered  particularly  critical. 

Description  of  site 

235-  The  site  is  located  along  the  east  banlc  levee  of  the  Missis- 
sippi River  approximately  5 miles  west  of  Dundee,  Miss.,  and  extends 
from  sta  50/0  to  53/20;  however,  most  of  the  investigation  was  along 
that  reach  of  levee  from  sta  50/T5  to  ^l/o. 

236.  Plans  of  the  site,  river,  borrow  pits,  surface  geology,  to- 
pography, and  piezometers  are  shown  on  plates  61-63.  Plate  64  is  an 
aerial  mosaic  of  the  site  taken  before  construction  of  the  present  levee 
and  seepage  berm.  Plate  65  is  an  aerial  mosaic  taken  after  construction 
of  the  present  levee,  seepage  berm,  and  sublevee  basin.  The  levee  is 
approximately  3500  ft  from  a former  channel  of  the  Mississippi  River, 
and  has  a net  height  of  approximately  25.5  ft.  Riverside  borrow  pits  8 
to  12  ft  deep  and  500  to  800  ft  wide,  in  which  most  of  the  top  blanl^et 
riverward  of  the  levee  has  been  removed,  extend  along  most  of  the  site. 

River  stages  at  the  site  can  be  estimated  from  the  Helena,  Ark.,  gage 
and  the  graph  on  plate  83. 

237.  History  of  xmderseepage . Dviring  the  1937  hi^  water,  an  H 

I 
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of  21  ft  caused  very  heavy  underseepage  and  numerous  sand  boils  4 to  12 
in.  in  diameter  bet^/een  sta  56/23  to  50/51.  One  6- in.  sand  boil,  when 
discovered  at  sta  50/40+15,  was  discharging  water  to  a height  of  2 ft 
above  the  ground  surface.  Opposite  sta  50/42,  a boil  occurred  about  200 
ft  from  the  levee  toe  east  of  a gravel  road.  This  boil  discharged  con- 
siderable material  as  it  moved  across  the  road,  causing  the  road  to  cave 
in  to  a depth  of  I5  ft  to  within  25  ft  of  the  levee  toe.  Several  sack 
sublevees  were  constructed  around  the  active  sand  boils  but  other  boils 
continued  to  brealc  out  beyond  the  limits  of  these  sack  levees . Finally, 
a large-si2ed  sack  subleVee  was  constructed  from  sta  50/23  to  50/51 
which  extended  about  500  to  800  ft  from  the  levee.  More  serious  under- 
seepage and  sand  boils  occurred  at  this  location  than  at  any  other  in 
the  Memphis  District.  At  times,  as  many  as  300  to  500  men  were  engaged 
in  fighting  underseepage . Approximately  l60,000  sacks  were  used  in  con- 
structing sublevees.  Several  sand  boils  also  were  observed  between  sta 
51/38  and  51/48.  The  locations  of  the  boils  that  occurred  between  sta 
50/25  and  51/0  are  shown  on  plate  62.  Several  photographs  of  conditions 
existing  along  this  reach  of  levee  during  the  1937  high  water  are  shorn 
on  plate  83. 

238.  In  the  summer  of  1937  after  the  hi^  water,  perraanent  sub- 
levees were  constructed  between  sta  50/25  and  50/47,  and  a large  land- 
side  seepage  berm  about  10  ft  thick  at  the  levee  toe  and  200  ft  wide  was 
constructed  in  1938.  This  berm  extends  from  sta  48/0  to  54/43+64.  The 
location  and  extent  of  the  permanent  sublevee  and  seepage  berm  are  shown 
on  plates  6I-63;  typical  sections  of  the  sublevee  and  seepage  berm  are 
shown  on  plates  66-69. 

239*  During  the  1950  high  water  (maximum  H = 11  ft)  8 sand  boils 
were  observed  between  sta  50/5  an<i  50/40.  The  locations  of  these  boils 
are  shown  on  plate  62  by  small  solid  dots.  These  boils  were  approxi- 
mately 3 to  8 in.  in  diameter  and  were  discharging  considerable  material 
at  the  crest  of  the  high  water.  Numerous  pin  boils  were  observed  in  the 
landside  drainage  ditch  between  sta  51/37  and  5l/53.  Seepage  water  was 
observed  in  many  of  the  fields  and  road  ditches  landward  of  the  levee 
between  sta  50/0  and  55/0.  Considerable  flow  was  emerging  through  a 
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culveSt  "beneath  the  sublevee  adjacent  to  the  road  at  sta  50/44 . This 
flow,  which  came  from  the  lower  two  sublevee  basins,  was  measured  on  9 
February  I950  when  H = 9*9  ft  , and  was  found  to  be  approximately  240 
gpm.  This  represents  an  average  seepage  flow  from  sta  50/33+70  to 
50/47+27  of  17.7  per  100-ft  levee  station,  or  Q^^/H  = approximately 
1.8  g]^  per  100  ft  of  levee.  However,  it  is  pointed  out  that  the  meas- 
ured seepage  flow  does  not  incl\xde  all  of  the  seepage  passing  beneath 
the  levee  along  this  reach,  as  there  was  still  an  appreciable  flow  of 
seepage  landward  of  the  sublevee  basin  as  indicated  by  the  slope  of  the 
hydraulic  grade  Tine  at  the  landward  side  of  the  sublevee  basin. 

240.  A relief  well  system^^  with  wells  on  50-ft  centers  was  in- 
stalled between  sta  50/26+OO  and  50/46+95  in  January  1943.  The  wells 
were  operated  during  hi^  river  stages  that  occurred  in  May- June  1943. 

The  average  well  flow  for  this  system  was  16.6  gpm  per  100  ft  of  levee 
for  H 6.3  ft  , or  an  average  flow  of  5«3  gpni  per  100-ft  station  per 

ft  H . The  well  system  was  plugged  in  December  1943. 

241.  A partial  cutoff  42  ft  deep  was  constructed  along  the  river- 
side toe  of  the  levee  between  sta  51/6+38  to  51/20+70  in  the  fall  of 
1950.  There  has  been  no  significant  hi^  water  against  this  levee  since 
installation  of  the  partial  cutoff. 

242.  Piezometer  installation.  In  1942  lines  of  piezometers  were 
installed  perpendictilar  to  the  levee  at  sta  50/36+5O  and  52/22+00  with 
some  piezometers  along  the  toe  of  the  seepage  berm  at  sta  50/4,  between 
sta  50/26+50  and  50/46+20,  and  between  sta  52/48+00  and  53/3+40  (plates 
61-63).  Piezometer  readings  were  obtained  dxiring  the  high  water  in  1943 
and  1950. 

Geology  of  site  and  soil  conditions 

243.  The  general  geology  of  the  site  is  illustrated  on  plate  61. 
The  type  and  thickness  of  tt^  stratum  materials  are  illustrated  in  more 
detail  on  plates  62  and  63.  The  principal  surea  of  investigation  (sta 
50/0  to  53/15)  is  located  in  an  area. of  point  bar  and  channel  deposits, 
which  were  formed  while  the  river  occupied  coxirses  13  and  l4,  and  is 
bordered  on  the  landside  by  an  old  slougji,  a remnant  of  course  l4  (plates 
61  and  64). 


>122  . 

244.  From  sta  48/19  to  53/IO  the  levee  crosses  an  old  sand  bar 
{deposit  tj^ified  by  ridge  and  swale  topography  underlain  by  deep  deposits 
of  pervious  sand.  Cross  sections  of  the  mapped  areas  show  an  undulated 
surface  typical  of  ridge  and  swale  topography.  The  maximum  surface  re- 
lief in  this  area  is  about  8 ft,  but  generally  averages  about  2 to  5 ft. 
{See  plates  62-64,  66-67,  and  69.)  The  ridges  and  swales  formed  during 
course  l4  either  parallel  the  levee  or  cross  it  at  small  angles. 

245.  A predominant  feature  of  the  surface  geology  immediately 
landward  of  the  sublevee  basin  at  Trotters  5I  Is  a relatively  thick  (20 
to  25  ft) , narrow  channel  filling,  the  edge  of  which  is  approximately 
300  ft  from  the  landside  toe  of  the  levee  as  it  existed  in  1937  (plates 
62  and  67).  This  channel  filling  does  not  exist  at  piezometer  line  H 
at  sta  52/22  (plate  69).  At  this  latter  line  of  piezometers  across 
course  l4,  the  swale  fillings  consist  of  clay  about  5 to  8 ft  thicl;. 

In  siimmary,  the  deposits  landward  of  the  levee  from  sta  50/0  to  53/10 
consist  of  a very  complicated  sequence  of  channel  fillings  and  ridge  and 
swale  deposits. 

246.  Clay  deposits  approximately  25  ft  thick  exist  landward  of 
former  river  courses  I3-B  and  l4,  and  are  overlain  by  natural  levee  de- 
posits of  sandy  silt  and  fine  sands  5 to  10  ft  thick  (see  plates  61,  64, 
66,  and  69).  The  thickness  and  crevasse  topography  of  these  natural 
levee  deposits,  as  vividly  illustrated  in  the  aerial  mosaic  on  plate  64, 
indicate  that  the  river  must  have  occupied  courses  13-B  and  l4  for  many 
years . 

247.  Relation  of  underseepage  to  geology.  The  most  severe  under- 
seepage  and  sand  boils  occurring  dvuring  the  1937  high  water  were  located 
between  sta  50/23  and  50/51>  and  between  the  then-existing  landside  levee 
toe  and  the  thick  channel  filling  3OO  ft  landward,  the  bottom  of  which 

is  filled  with  clay  (plates  62  and  66).  The  top  stratum  between  the 
levee  toe  and  this  filled  channel  consists  of  sandy  silts  and  silty  sands 
varying  in  thickness  from  5 to  I5  ft  (see  plate  62,  sections  C and  E on 
plate  66,  and  sections  P and  U on  plate  68).  The  presence  of  the  deep 
clay-  and  silt-filled  channel  landward  and  parallel  to  the  levee  toe, 
and  the  silty  ridge  at  the  toe  of  the  levee  doubtless  serve  to  localize 
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and  concentrate  vinderseepage  along  this  reach  of  levee.  Variation  in 
thickness  and  the  occurrence  of  occasional  clayey  seams  in  the  sandy 
ridge  at  the  levee  toe  are  no  doubt  conducive  to  the  concentration  of 
seepage  at  this  point  (see  plates  66  and  68).  The  clay-filled  channel 
extends  landward  at  piezometer  line  E until  it  joins  a clay-filled  slou{^, 
creating  in  effect  a block  to  the  emergence  of  vinderseepage  over  an  area 
approximately  800  to  IGCO  ft  wide  landward  of  the  levee  (plates  62  and 

67). 

248.  It  is  pointed  out  that  the  toe  of  the  existing  seepage  berm 
is  now  only  about  100  ft  from  the  edge  of  the  clay- filled  channel.  VJhile 
the  seepage  berm  increases  the  length  of  path  of  seepage  and  moves  the 
point  of  any  potential  piping  farther  from  the  levee  toe,  it  will  in  this 
instance  tend  to  further  concentrate  seepage  between  the  deep  clay  fill- 
ing and  toe  of  the  berm.  Other  predominating  causes  of  seepage  and  sand 
boils  in  this  reach  are  the  close  effective  seepage  entrance  in  the  river- 
side borrow  pits,  vjhich  have  been  excavated  to  sand,  the  great  depth  of 
pervious  substratum  sands,  and  the  thinness  and  variability  of  the  land- 
side  top  stratum  immediately  landward  of  the  levee  toe. 

249.  Conditions  similar  to  those  in  the  vicinity  of  the  sublevee 
basin  described  above  exist  along  other  reaches  of  the  levee  from  sta 
50/0  to  53/0.  However,  the  particular  combination  of  factors  that  causes 
vinderseepage  to  be  so  severe  in  the  vicinity  of  the  subleveed  area  docs 
not  exist  to  the  same  extent  elsewhere.  Either  the  top  stratum  is  thicker 
landward  of  the  levee  or  the  riverside  borrow  pits  have  not  uncovered 

the  pervious  sand  foundation  to  the  suae  extent,  or  the  strata  landward 
of  the  levee  are  more  uniform,  thereby  allowing  more  uniform  vqiward  flow 
of  seepage. 

250.  It  would  at  first  seem  that  a potentially  critical  under- 
seepage  area  exists  at  about  sta  53/0,  where  the  clay-filled  slough 
previously  mentioned  intersects  the  levee  at  a small  angle  (plate  63). 

The  reason  that  no  serious  vinderseepage  has  been  observed  to  date  at 
this  intersection  is  probably  because  the  riverside  borrow  pits  imme- 
diately landward  of  the  levee  in  this  area  do  not  penetrate  to  the  prin- 
cipal underlying  pervious  substratum,  and  also  because  a stratum  of  sandy 
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silts  and  clay  lies  luider  this  partic\ilar  point  at  a depth  of  approxi- 
mately 20  ft  (see  sections  J and  L,  plate  6$) . 

2fl.  Soil  profiles  and  piezometer  lines.  The  locations  of  pi- 
ezometers and  borings  are  shown  in  plan  on  plates  6I-63.  Soil  profiles 
and  piezometer  lines , both  perpendicular  and  parallel  to  the  lands ide 
toe  of  the  levee  at  Trotters  51>  are  shown  on  plates  66  to  69.  One  pi- 
ezometer line  (e)  W8IS  located  perpendicular  to  the  levee  in  the  area 
where  underseepage  was  the  most  severe  during  the  1937  high  water; 
another  line  (h)  was  located  perpendicular  to  the  levee  in  an  area  of 
sand  bar  deposits  where  rib  serious  underseepage  had  occvirred  dviring  the 
1937  high  water.  Eoth  piezometer  lines  E and  H extend  from  near  the 
riverbanlv  for  almost  a mile  landward  of  the  levee.  Additional  piezcm- 
eters  were  located  at  selected  points  along  the  landside  toe  of  the 
present  berm  from  sta  50/0  to  53/5*  The  tips  of  some  piezometers,  desig- 
nated W , were  installed  in  semipervious  strata  within  the  principal  top 
stratum;  the  tips  of  the  remaining  piezometers,  designated  X , were  in- 
stalled in  the  upper  part  of  the  \mder lying  pervious  stratum  beneath  the 
top  stratum. 

252.  The  sediments  that  malie  15)  the  top  stratvun  in  the  sand  bar 
area  at  Trotters  5I  are  quite  variable,  both  in  thichness  and  type,  as 
may  be  noted  on  plates  62,  63,  and  66-69.  These  sediments  range  from 
clay  to  silty  sand.  Most  of  the  top  stratum  immediately  landward  of  the 
levee  from  sta  50/0  to  53/lO  consists  of  alternate  layers  of  silty  sand 
and  sandy  silt  with  occasional  strata  of  clayey  soils  near  the  surface. 
Numerous  clay- filled  swales  also  exist  along  this  reach  of  levee. 

253-  The  clays  and  silty  clays  landward  of  the  levee  at  Trotters 
51  are  usually  found  as  fillings  in  swales  or  abandoned  channels.  Sandy 
silt  and  silty  sand  make  up  the  greater  part  of  the  top  stratum  in  the 
area  and  form  the  upper  part  of  the  ridges  in  the  ridge  and  swale  to- 
pography. Thei  form  the  upper  5 to  15  ft  of  each  ridge  and  grade  upward 
into  somewhat  finer  sediments.  These  sediments  also  frequently  underlie 
swale  fillings  of  clayey  sediments  and  in  places  form  part  of  old  channel 
fillings. 

254.  At  piezometers  A-1  and  B-1  the  tcq>  stratum  consists  of  about 
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4 ft  of  silty  clay  underlain  by  approximately  8 ft  of  sandy  silt.  The 
top  stratum  at  the  toe  of  the  existing  seepage  berm  from  sta  50/l5  to 
51/20  consists  of  predominantly  sandy  silt  and  silty  sand  strata  5 to  I5 
ft  thick  interlaced*  with  strata  of  sand  and  silty  clav  as  depicted  on 
section  U>  plate  68.  The  top  stratum  landward  of  the  ridge  of  silt  con- 
sists of  a relatively  thick,  wide  deposit  of  clay. 

255*  The  top  stratum  along  section  H is  representative  of  sandy 
ridge  and  swale  deposits  where  both  the  ridges  of  sandy  silts  and  clay- 
filled  swales  are  relatively  thin  (see  plate  69).  The  ridges  usually 
are  covered  with  a thin  layer  of  clayey  silt  or  silty  clay  3 to  5 ft 
thick.  The  top  stratum  at  the  intersection  of  the  old  slou^  and  levee 
at  about  sta  52/50  is  depicted  by  sections  J and  L on  plate  69.  As  may 
be  noted,  the  top  strattim  consists  of  an  upper  stratxsn  of  silty  sand  ap- 
proximately 4 ft  thick  tmderlain  by  about  10  to  I5  ft  of  very  fine  sand, 
which  in  turn  is  underlain  by  a thin  stratum  of  clays  and  silts  about  3 
ft  thick. 

256.  The  pervious  substratum  consists  of  medium  to  medium  coarse 

sands  with  some  gravel,  and  extends  from  the  river  to  landward  of  the 

levee  (see  plate  67). 

Analysis  of  piezomet- 
ric  and  seepage  data 

257*  River  stage  and  piezometer  readings  obtained  during  the  1943 
and  1950  high  waters  are  plotted  on  plates  70-74.  At  the  I943  crest  H = 
7 to  9 f"tj  dviring  the  1950  high  water  maximum  H = 9 bo  11  ft.  The  re- 
lief veil  system  at  the  Trotters  51  site  during  the  1943  high  water  was 
kept  closed  mtil  after  the  river  crested.  The  analysis  of  piezometric 
data  contained  in  this  report  pertains  to  conditions  observed  when  the 
wells  were  clo;;ed,  except  that  estimates  of  the  permeability  of  the  sub- 
stratum were  based,  in  part,  on  well  flows  corresponding  to  piezometric 
data  obtained  ’./hen  the  wells  were  flowing.  Mo  relief  wells  were  in 
operation  during  the  I950  hi^  water;  and,  therefore,  the  following 
analyse!!  of  the  1943  and  1950  piezometric  data  are  on  a comparable  basis. 

258.  Piozometric  gradients  existing  in  the  pervious  substratum 
beneath  the  levee  at  piezometer  lines  E,  H,  and  L for  selected  river 


stages  diiring  •toe  1943  and  1950  hi^  vaters  are  shown  on  plates  75-80; 
toe  hydrostatic  head  along  the  toe  of  the  levee  (piezometer  line  U)  is 
shown  on  plates  79-8O. 

259*  Seepage  and  soil  conditions  vary  considerably  at  the  Trotters 
51  site  as  illustrated  by  the  surface  geology  depicted  on  plates  62  and 
63.  Accordingly  in  the  following  disciission,  the  piezometer  lines  are 
considered  more  or  less  representative  of  soil  conditions  along  the  fol- 


lowing reaches: 

Sta  50/0  to  50/28  — piezometer  lines  A,  B,  and  C 
S-fca  50/28  to  51/0  — piezometer  lines  E and  F 
Sta  52/0  •to  52/45  — piezometer  line  H 
Sta  52/45  to  58/ 5 “ piezon»ter  lines  J and  L. 


260.  During  the  1950  high  water,  h^  was  approximately  7*5  ft 


above  the  elevation  of  the  wa^ter  in  the  sublevee  basin  (see  line  U, 
plate  80).  Excess  heads  above  the  ground  surface  as  hi^  as  3 ft  existed 
as  far  as  2500  ft  landward  of  the  levee  at  piezometer  line  E (see  plate 


76).  At  piezometer  line  H,  h^  (immediately  beneath  the  top  stratum) 


was  estimated  to  be  approximately  2.5  ft  at  the  I95O  crest;  h^  as  meas- 


ured by  deeper  piezometers  was  approximately  3*5  to  2.5  ft  as  far  land- 
ward as  700  ft  (see  plate  78). 

261.  A summary  of  information  pertaining  to  the  site,  and  the  re- 
sxilts  of  analyses  of  piezcmetric  and  seepage  data  subsequently  discussed 
are  given  in  table  10. 

262.  Source  of  seepage.  Seepage  may  enter  the  pervious  substratum 
at  Trotters  5I  from  the  Mississippi  River,  and  through  riverside  borrow 
pits  (see  plates  62,  63,  and  66-69).  The  worst  seepage  areas  seem  to  be 
located  directly  opposite  those  borrow  pits  where  all  or  practically  all 
of  the  top  stratum  has  been  removed. 

263.  Values  of  s at  piezom.eter  lines  E and  H during  the  1950 
and  1943  high  waters  are  plotted  in  fig.  31*  These  values  indicate 
that  seepage  enters  the  sand  substratum  primarily  through  the  river- 
side borrow  pits  where  most  of  the  natural  in^servious  top  stratum 

has  been  removed.  It  is  pointed  out  that  piezometer  1 riverward  of  the 
levee  on  line  H (plate  78)  indicated  hydrostatic  heads  almost  equal  to 
the  river  s'tage.  The  distance  to  the  effective  source  of  seepage  at 
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Fig.  31.  Distances  to  effective  seepage  sovcrce  and,  exit 
Trotters  ^1,  lines  E and  H 
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piezcmeter  lilies  E and  H vas  about  1000  and  1100  ft,  respectively,  at 
the  crest  of  the  I950  high  water  (fig.  31  and  table  lO).  It  inay  be  seen 
in  fig.  51  that  s decreased  considerably  as  the  river  rose.  From  the 
plotted  Vcilues  of  s vs  river  stage  in  fig.  31  it  is  estimated  that  s 
may  be  as  close  as  85O  or  SOO  ft  at  lines  E and  H for  a project  flood 
stage.  Thus  the  effective  source  of  seepage  entry  would  be  only  ^00  or 
500  ft  from  the  riverside  toe  of  the  levee. 

264.  Seepage  exit.  Values  of  vs  corresponding  river  staiges 
are  plotted  in  fig.  31  for  both  the  19^3  and  1950  hi^  waters.  The  very 
irregular  topography,  top  stratum,  and  tailwater  conditions  landward  of 
the  levee  at  piezometer  line  E make  a correct  determination  of  the  ef- 
fective seepage  exit  difficult.  On  the  assumption  of  an  average  ground 
and  tailwater  elevation  of  I83-O,  it  appears  from  fig.  3i  that  in- 
creased progressively  during  rising  river  stages  during  both  the  19^3 
and  1950  high  waters  until  H reached  approximately  10  ft,  at  which 
stage  x^  equalled  almost  3200  ft.  At  an  H higher  than  10  ft,  the 
distance  to  the  seepage  exit  decreased  to  a value  of  about  25CX)  ft.  The 
distance  to  the  effective  seepage  exit  at  project  floou  stage,  based  on 
the  maximum  h^  that  can  exist  at  line  E,  is  about  750  ft.  This  phe- 
nomenon of  an  increasii  g x^  followed  by  a decrease  can  possibly  be  ex- 
plained as  follows.  At  piezometer  line  E the  top  stratum  immediately 
landward  of  the  present  seepage  berm  consists  of  a relatively  narrow 
width  of  alternating  strata  of  clay  and  silty  soils  and  a wide  width  of 
fairly  thick  inpervious  soils,  with  a thinner  top  stratum  approximately 
1500  ft  landward  of  the  levee.  The  resistance  of  this  thickness  and 
type  of  top  stratimi  to  seepage  rising  to  the  surface  is  rather  great. 
Accordingly,  at  relatively  low  river  stages,  values  of  x^  probably 
reflect  largely  the  resistance  to  seepage  flow  landward  in  filling  ground - 
water  storage.  Then  as  the  ground-water  storage  becomes  filled,  tlie  re- 
sistance to  seepage  flow  either  landward  or  up  through  the  top  stratui. 
is  increased  and  results  in  an  increase  of  x^  . At  a river  stage  of 
about  10  ft  on  the  levee,  several  sand  boils  occurred  in  the  sublevee 
basin  immediately  landward  of  the  berm  toe.  Such  boils,  of  course,  pro- 
vide a certain  amount  of  natural  relief  close  to  the  levee,  which  decreases 


the  distance  to  the  over- all  average  seepage  exit  for  the  sand  aquifer. 

265.  At  the  crest  of  llie  1950  high  vater  = TOO  ft  at  piezom- 
eter line  H (fig.  31  and  table  lO).  It  is  e:q>ected  that  x^  may  d - 
crease  to  approximately  65O  ft  at  project  flood  stage,  Ihe  rnimh  sho*ver 
Xg  at  line  H as  ccsnpared  to  line  E is  attributed  to  a much  thinner  and 
more  pervious  top  stratum  at  line  H. 

266.  thickness  and  perc^ability  of  substratxaa  sands.  Sie  pervious 
substratum  at  the  Trotters  51  site  consists  of  medium  to  medium-coarse 
sahds  with  some  gravel,  with  a depth  of  approximately  100  ft.  Ihe  gra- 
dations of  typical  fomdation  sands  existing  at  this  site  are  plotted  on 
plate  83. 

267.  3he  permeability  of  the  pervious  substratum  was  estimated 

from  laboratory  perceability  tests,  correlation  of  vs  as  shown 

by  fig.  17,  analysis  of  seepage  and  related  piezometric  data,  and  well 

flow  and  related  piezometric  data.  The  results  of  these  determinations 

eire  given  in  table  10.  It  nay  be  noted  that  results  obtained  with  the 

several  methods  used  in  arriving  at  the  permeabilily  of  the  substratum 

at  this  site  checked  reasonably  well  except  ttiose  determined  from  lab- 

-4 

oratory  tests  which  appear  low.  A value  of  k^  = 1000  x 10  cm  per  sec 
was  selected  as  being  the  best  estimate  of  the  permeability  of  the  sand 
aquifer  in  situ  at  the  Trotters  51  site. 

268.  Thickness  and  permeability  of  top  stratum.  The  top  stratum 
landward  of  the  levee  at  line  E consists  of  alternating  strata  of  cloys, 
silts,  and  sands  and  is  api^roximately  9 ft  thick  between  the  toe  of  the 
existing  seepage  bem  and  the  sublevee.  Beneath  and  landward  of  the 
sublevee  a relatively  thick,  wide  deposit  of  clay  extends  out  a distance 
of  approximately  I50O  ft  from  the  center  line  of  the  levee.  Innd%?ard  of 
this  the  top  stratum  for  a distance  of  about  4C0  ft  consists  of  about  10 
ft  of  clay  and  cloyey  silt.  In  generalizing  the  top  stratum  at  line  E 
for  the  purpose  of  seepage  analysis,  the  leaking  blanket  was  assrmsd  to 
have  an  effective  thickness  of  9 ft  and  a length  of  5CX)  ft,  and  an  im- 
pervious block  ^s  assumed  to  exist  at  this  distance  from  the  toe  of  the 
seepage  berm.  On  the  basi:.  of  these  assumptions  the  permeabilily  of  the 
top  stratiaa  as  computed  from  blanket  formulas  and  wus  O.5  and 
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0.3  X 10  cn  per  sec  at  the  crest  of  the  1^3  and  1950  high  waters, 
respective]^.  !Die  t^nisahiliiy  of  the  top  stratua  in  lie  sublevee  basin 
areas  based  on  seepage  aeasures^nts  during  lie  I950  hi^  vater,  the 
average  thickness  of  too  strattea,  and  the  average  head  beneath  the  top 
stratisa  in  the  areas  where  the  seepage  was  nsasured  was  O.7  x 10  cis 
per  seci  All  factors  considered,  this  is  a relatively  close  check  (see 


table  16). 

26s.  The  top  stratvm  landward  of  the  levee  at  line  H consists  of 
rid^s  of  sandy  silts  and  clay-filled  swales;  it  was  considered  to  have 
an  average  thickness  of  abottt  5 ft  in  the  subsequent  sesepage  analysis. 

On  the  basis  of  this  assusption  and  using  blanket  fornuLas  arh  laeasured 

— k 

values  of  was  casputai  to  be  about  1 x 10  as  per  sec  at  the 

crest  of  the  I950  hi^  water. 

£?0.  Peraeability  ratio.  The  ratio  of  periKability  of  the  foin^a- 


tion  to  that  of  the  top  stratua  was  esticated  oi  the  basis  of  the  aiKjve- 


descril:^  analyses  axsd  is  shewn  in  table  10  for  both  lines  E and  H.  At 
the  1950  crest  this  ratio  is  esticated  to  have  been  3500  for  line  E ani 
about  ICKX)  for  line  E. 

271.  Seepage  flow.  Seepage  passing  esneath  the  levee  at  piesoseter 
lines  E and  H at  the  crests  of  the  1943  aM  1950  hi^  waiters,  er^  for 
the  project  flooi,  was  estimted  using  corresponding  values  of  H , s , 
and  for  these  fltxjds  (see  table  lO).  At  the  1^0  crest,  pass- 
ing be^ath  the  le^e  at  pieztx^ter  line  E was  estisated  to  be  48  ^3 
per  MX)  ft  of  levee,  Q /H  S h gpa  per  100  ft  of  levee.  Q./H  as  deter- 
nined  froa  seepage  iseasiurccents  near  the  crest  of  -Uie  1950  bi^  w^ter  in 
two  of  the  sublevee  basins  was  about  1.6  In  carparing  these  values 

of  0 /H  and  0,/H  it  is  pointed  out  ’Giat  Q /H  as  deternined  fras 

S A S 

piezc^tric  data  foiindaticn  perceability  characteristics  repjesents 

the  letal  seepage  flow  passing  beneath  the  levee,  whereas  the  valixj  for 

Q^/H  lncli;des  only  the  seepage  ec^rging  in  two  sublevee  basins  ira^- 

diateJy  landward  of  the  levee.  On  the  basis  of  the  piezaa^tric  ip^e 

line  observed  at  line  E at  the  1950  crest  it  appears  that  jpproxSiM.tely 

70  to  &)  per  cent  of  the  eexputed  seepage  was  cnerginB  betsHien  -Uie  levee 

and  the  slou^  approxicately  15(X)  ft  laridw^rd  of  the  center  line  of  the 
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lev^.  At  project  fl^d  stage  the  natural  see^ge  vtth  ik>  change  fron 
the  1950  "^rro*-*  pit  conditions  is  esticated  at  approxinately  233  gpa  per 
ICO  ft  of  levee,  Q^/H  = 9 gpa.  Onus  a fairly  high  rate  of  natural 
seerage  ociatrs  at  line  £ at  H higher  than  10  to  15  ft. 

272.  'Oie  natural  seepage  ^ssing  beneath  the  levee  at  line  K was 
estinated  to  be  about  8 gpc  ft  H 1(X)  ft  of  levee,  or  about  JO 
gps  at  the  crest  of  the  1950  high  water  (see  table  10).  Ihe  gradient 
line  on  plate  78  shows  that  practically  all  of  this  seepage  easrges  be- 
tween the  levee  ai^  the  laMward  slctgh.  Froa  this  sa»  gradient  line 
it  apjxzar^  that  raich  of  the  natural  seepage  caisi  have  been  merging  along 
the  low  grcmm  between  approxinately  1(XX)  ft  center  line  of  the 

levee  and  the  slough.  Sie  fact  that  ttere  vas  k>  ii^cation  of  laixiward 
seeiage  beyond  the  slough  can  be  ej^lained  by  the  existence  of  the  very 
nassive  clay  top  stratars  lying  laoiward  of  the  slou^  which  prevents  the 
esergence  of  seepsge  ftoa  the  deep  sar^  aouifer.  Eo  concentrated  seei^e 
or  sand  Ixsils  were  reported  during  tlxi  1^0  hi^  water;  instead  seepage 
was  reported  as  e:^irging  throughout  the  w^le  area  l^tween  the  levee  aixi 
the  landward  slough  (see  plate  ^3)*  *2^0  estiaated  natural  seepage  beneath 
the  levee  at  pro*ect  flood  stage  is  alxnit  220  gtrs  per  ICO  ft  of  levee  or 
Qg/S  = 9.6  gps.  Elis  site  isy  also  be  classified  as  one  stfljject  to  a 
hi^  rate  of  rsaturai  seepa^  at  bi^  fh^  stages.  Bo  ceasures^nts  of 
cataral  seepage  were  issue  at  line  H durit^  tte  1950  high  water. 

273*  lai^side  substratoa  pressures.  Eydrostatlc  pressures  which 
developed  alc:^  tl^  toe  of  tte  seepige  bem  (sta  50/2B  to  pl/O),  pi- 
czc&eter  lim:  Z,  at  tixj  crests  of  tte  1^3  2^  1950  waters  are  shown 
on  plates  79  sm  8C.  Hyiroslatic  heads  at  arfl  isaidiately  lardimrd  of 
the  see^^  bera  during  these  Li^  waters  are  shown  on  the  piezosetrie 
gi^lent  gratis  (plates  J3-lB).  headings  of  selected  plez^Mters  at  cr 
n^r  the  laMside  toe  of  the  levee  versus  river  stages  are  plott*^  on 
plates  Ql  and  The  head  on  the  levee,  type  aM  thidaiess  top 
stratus,  siAstratia  pressures  at  t^ical  piezteieters  alanr,  the  land- 
side  toe  of  the  see^^  bem  are  given  in  table  11. 

2^.  At  piezeseter  line  E,  raxisan  heads  landward  of  the  levee 
la«ed  little,  li  oi^',  behlM  the  crest  of  the  high  TOter  in  1943  aid 


132 


Ke*d  cs  Igygti 


TabU  U 

?op  Strata,  Sub»tr*t\a  rremircft.  aM  Cradleatt  through  leg  Strata  aloeg  Toe  cf  Levee 
Trott»r«  51.  Kl«i..  Site 
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1950  (see  plates  70  and  72).  The  quick  huild-up  of  pressure  with  rising 
river  stages  can  probably  be  attributed  to  the  relatively  thick  top 
stratum  that  exists  over  most  of  the  area  landward  of  the  levee  at  line 
E and  to  the  fact  that  the  bottom  of  this  top  stratum  is  below  the  normal 
water  table.  In  fact,  at  line  E during  the  1943  high  water,  excess  head 
above  the  ground  surface  appeared  within  three  days  after  the  river 
reached  the  levee. 

275*  Plate  70  shows  a considerable  lag  in  the  crest  of  the  piezom- 
eters on  line  H during  the  1943  high  water  and  the  early  stages  of  the 
1950  high  water.  This  may  be  attributed  to  filling  of  the  natural  ground- 
water storage  landward  of  the  levee  at  this  line  and  ^mergence  of  seepage 
in  the  low  ground  landward  of  the  levee.  During  the  later  stages  of  the 
1950  high  water,  when  the  ground-water  storage  had  become  largely  filled, 
the  piezometers  immedia.tely  landward  of  the  levee  on  line  H responded 
quickly  to  changes  in  river  stage  (see  plate  73).  Piezometers  on  lines  J 
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and  L exhibited  even  greater  tendency  to  lag  than  those  on  line  H (see 
plate  73). 

276.  Based  on  the  data  in  table  11  and  field  observations,  uplift 
pressure  sufficient  to  cause  sand  boils  in  the  sublevee  basins  may  be  ex- 
pected at  heads  on  the  levee  above  10  to  12  ft.  These  river  stages  cre- 
ated uplift  pressures  of  from  5 to  7*5  ft  in  the  sublevee  basins;  see 
table  11  and  plate  60.  These  uplift  pressures  correspond  to  approximately 
55  to  70  per  cent  H.  The  maximum  excess  head  that  can  develop  in  the 
sUblevee  basins  ranges  from  about  8 to  I5  ft.  In  areas  where  sand  boils 
were  observed,  i through  the  top  stratum  ranged  from  about  O.7O  to  O.87. 
No  sand  boils  occurred  where  i was  less  than  these  values.  Heavy  seep- 
age was  observed  in  a number  of  places  where  i ranged  from  about  0.5 
to  0.6. 

277»  Since  a project  flood  stage  will  create  an  H of  approximately 
25  ft,  numerous  active  and  possibly  severe  sand  boils  may  be  expected  be- 
tween sta  50/28  and  ^l/O,  The  reasons  that  the  seepage  conditions  and 
sand  boils  will  probably  be  more  severe  in  this  reach  than  iimediately 
upstream  are  that  seepage  landward  of  the  levee  will  be  more  concentrated 
because  of  the  shorter  distance  between  the  seepage  berm  and  massive  clay 
filling  immediately  landward,  the  foundation  sands  are  exposed  immediately 
riverwsird  of  the  levee  along  this  reach,  and  the  thickness  of  the  top 
stratum  has  been  reduced  immediately  landward  of  the  levee  for  construc- 
tion of  the  sublevees.  Conditions  similar  to  those  found  between  sta 
50/23  and  5i/0  probably  exist  for  a distance  downstream  of  sta  5l/0* 

278.  The  fact  that  there  is  a maximum  hydrostatic  pressure  that 
can  develop  beneath  a given  top  stratum  is  again  illustrated  by  the  plot 
on  plate  8l  of  piezometer  readings  for  piezometer  E-7-W  on  line  E vs 
river  stage,  (Piezometer  E-7-W  is  located  in  a sand  stratum  within  t.-.e 
general  top  stratvim  at  line  E,  see  plate  76.)  This  plot  illustrates  how 
the  substratum  pressure  increases  with  increasing  river  stage  up  to  a 
certain  amount  equal  to  about  the  critical  pressure  for  the  weakest  part 
of  the  top  stratum  in  which  sand  boils  were  observed.  In  this  instance 
the  hydrostatic  pressure  at  piezometer  E-7-W  remained  essentially  constant 
after  the  river  stage  became  more  than  about  10  ft  on  the  levee. 
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279*  The  head  inanediately  beneath  the  top  stratum  at  the  toe  of 
the  seepage  berm  on  line  H was  not  observed  during  the  195O  high  water; 
however,  from  readings  of  piezometer  H-4-X  and  fig.  26  it  was  estimated 
to  be  about  3*0  ft  above  the  ground  surface.  Tliis  is  believed  to  be  about 
the  maximum  h^  that  can  develop  at  this  line  because  of  the  thinness  of 
the  top  stratum  and  existence  of  a drainage  ditch  a short  distance  landward 
of  the  levee.  Thus  a river  stage  of  10  to  12  ft  may  cause  sand  boils 
along  the  toe  of  the  seepage  berm  or  in  the  drainage  ditch  landward  of 
the  -levee. 

280.  Initially  it  was  thought  that  a critical  seepage  condition 
might  exist  at  about  sta  53/O  (see  plate  63).  However,  readings  of  pi- 
ezometers along  line  L at  about  the  crest  of  the  high  water  in  1943  and 
1950  (plates  79  and  80)  show  that  for  the  flood  stages  experienced  the 
hydrostatic  head  at  the  levee  toe  did  not  rise  above  ground  surface  except 
possibly  for  some  excess  head  above  the  bottom  of  the  drainage  ditch  at 
this  point.  The  reason  for  the  low  hydrostatic  pressures  landward  of  the 
levee  at  piezometer  lines  J and  L may  be  explained  by  reference  to  section 
J on  plate  69,  which  shows  that  the  upper  stratum  of  very  fine  sands  has 

a drainage  outlet  landward  of  the  levee  at  an  elevation  9 ft  below  natural 
ground  surface  at  the  seepage  berm  toe.  Although  no  head  above  tail- 
water  developed  in  the  upper  sand  stratxim,  a head  of  almost  2 ft  above 
estimated  tailwater  in  the  drainage  ditch  did  develop  in  the  deeper  sand 
foundation  at  piezometer  L-2-X. 

Evaluation  of  seepage  problem  and 
recommendations  for  control  measures 

281.  The  seepage  berm  at  this  site  has  reinforced  the  stability  of 
the  landside  portion  of  the  levee  and  forced  the  location  of  boils  farther 
from  the  levee  proper.  However,  it  also  has  reduced  tl"  ^ area  in  which 
natural  seepage  can  emerge  between  the  levee  and  a massive  body  of  clay 
immediately  landward,  and  thus  at  times  of  high  river  stages  will  tend  to 
increase  substratum  pressures  and  the  number  and  activity  of  sand  boils 
from  sta  50/0  to  5l/0,  the  limit  of  the  area  studied. 

282.  Sta  50/0  to  50/2^.  A net  head  of  about  10  ft  on  the  levee 
caused  development  of  heavy  seepage  and  small  sand  boils  along  this  reach 
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dicing  the  I95O  high  water.  An  analysis  of  piezometric  data  reveals  that 
the  1950  high  water  was  just  sufficient  to  cause  a few  sand  hoils.  Al- 
though few  piezometric  data  are  available  for  this  reach  of  levee,  it  is 
believed  that  a project  flood  stage,  which  woxild  be  approximately  15  ft 
higher  than  the  1950  high  water  and  5 ft  higher  than  the  1937  high  water, 
will  create  an  undersee^ge  problem  as  bad  as  that  occurring  dinring  the 
1937  high  water.  On  the  basis  of  borings  T-9  and  T-12,  the  top  stratum 
along  the  toe  of  the  present  seepage  berm  appears  to  be  thick  enough  to 
withstand  the  uplift  presstires  that  might  develop.  However,  the  top 
stratvim  apparently  is  thinner  landward  of  the  levee,  as  most  of  the  sand 
boils  occurring  dviring  1950  were  ICO  to  15O  ft  landward  of  the  berm  toe 
(see  plate  62).  Additional  borings  should  be  made  along  this  reach  to 
better  delineate  the  character  and  thickness  of  the  top  stratum  landward 
of  the  levee;  also  additional  control  measures  may  be  necessary  along 
this  reach  of  levee.  In  view  of  the  fact  that  the  sand  boils  that  oc- 
curred during  the  195O  high  water  were  located  some  ICO  to  150  ft  land- 
ward of  the  existing  seepage  berm,  it  is  believed  that  relief  wells  are 
a more  applicable  seepage  control  measure  along  this  reach  of  levee  than 
an  extension  of  the  present  seepage  berm.  The  existing  seepage  berm  has 
more  than  adequate  thickness. 

283*  Sta  50/25  to  51/0.  Although  the  sublevee  basins  between  sta 
50/25  and  50/^7  have  added  a measure  of  seepage  control,  in  that  the  ex- 
cess head  can  be  reduced  by  impounding  water  in  these  basins,  the  seepage 
problem  within  the  basins  was  aggravated  by  borrowing  material  within  the 
basins  to  build  the  sublevees,  which  significantly  decreased  the  thickness 
of  top  stratum  within  the  basins  proper.  Also,  since  the  1937  high  water, 
the  distance  to  effective  source  of  seepage  entry  into  the  pervious  founda- 
tion probably  has  been  decreased  as  a result  of  borrow  operations  river- 
ward  of  the  levee  to  construct  the  Icmdside  seepage  berm.  Nu  information 
is  available  as  to  the  distance  to  effective  source  of  seepage  entry  dur- 
ing the  1937  high  water.  Even  assuming  water  impounded  in  the  sublevee 
basins  to  el  I90,  a project  flood  stage  would  create  more  than  8 ft  of 
head  above  that  necessary  to  cause  formation  of  sand  boils  in  the  sub- 
levee basin. 


284.  Critic^  uplift  pressures  and  sand  boils  nay  be  expected  be- 
tween sta  50/25  and  51/O  at  river  heights  of  more  than  10  to  12  ft  on  the 
levee.  Additional  seepage  control  measures  are  indicated  on  the  basis  of 
possible  river  stages,  field  observations  during  previous  high  waters, 
soils  data,  and  piezometric  readings.  Soil  conditions  along  this  reach 
of  ievee  are  such  that  an  extension  of  the  existing  seepage  berm  is  not 
considered  practicable.  The  berm  would  have  to  be  extended  at  least  I50 
to  3CO  ft  and  would  have  to  be  quite  thick  to  insure  that  boils  would  not 
burst  tljTough  it  as  a result  of  high  pressures  that  would  be  created  by 
tieing  the  berm  into  the  thick  clay  deposits  lying  landward  of  the  levee. 
Control  measures  recommended  are  the  degrading  of  the  existing  sublevee 
basin  so  as  to  restore  the  ground  surface  to  its  original  elevation  and 
the  insteGJLation  of  a line  of  relief  wells, 

285.  Sta  52/0  to  52/45.  The  seepage  berm  along  the  reach  of  levee 
from  sta  52/O  to  52/45  has  more  than  adequate  thickness  but  is  not  suf- 
ficiently wide  to  prevent  development  of  critical  uplift  pressures  land- 
weurd  of  the  berm.  Critical  uplift  pressures  may  be  expected  to  develop 
at  river  stages  in  excess  of  10  to  12  ft  and  therefore  some  additional 
seepage  control  measures  probably  are  indicated.  This  reach  of  levee  is 
not  considered  as  critical  with  respect  to  seepage  as  the  reaches  just 
discussed  because  the  top  stratum  landward  of  the  levee  is  uniformly  thin 
which  permits  dispersion  of  natural  seepage,  and  there  is  no  thick  stratum 
of  clay  closer  than  600  to  800  ft  to  the  levee  to  concentrate  seepage. 
However,  the  drainage  ditch  about  80  ft  landward  of  the  toe  of  the  seepage 
berm  creates  a potentially  critical  seepage  condition.  Recommended  seep- 
age control  measures  are  either  a line  of  relief  wells  along  the  toe  of 
the  existing  berm  or  widening  of  the  existing  berm. 

286.  Sta  52/45  to  53/5.  This  reach  of  levee  is  particularly  dif- 
ficult to  evaluate  as  regards  seepage  or  adequacy  of  the  existing  seepage 
berm  because  of  the  topographical  configuration,  geology,  and  drainage 
ditch.  No  serious  underseepage  was  reported  during  the  1937  high  water, 
and  river  stages  experienced  during  the  I950  high  water  were  not  great 
enough  to  cause  the  development  of  hydrostatic  head  above  ground  in  either 
the  upper  fine  sand  strata  or  the  deeper  sands.  However,  the  reach  is 
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considered  potentially  critical  with  respect  to  seepage  because  of  tHe 
5-ft-deep  drainage  ilLtch  and  massive  clay-filled  slough  a short  distance 
landward  of  the  levee.  The  seepage  berm  appears  to  have  more  than  ade- 
qtuate  thickness.  However,  its  adequacy  with  regard  to  width  cannot  be 
evaluated  on  the  basis  of  piezometer  readings  and  river  stages  obtained 
since  installation  of  the  piezometers.  2he  only  additional  seepage  con- 
trol measure  recommended  is  the  construction  of  a gated  structure  at  the 
end  of  the  drainage  ditch  to  insure  impoundment  of  water  in  the  ditch  up 
to  natural  ground  elevation  during  high  river  stages. 

Trotters  Mississippi 

287.  Trotters  was  originally  selected  for  investigation  and  in- 
stallation of  piezometers  because  of  the  very  heavy  underseepage  and 
numerous  sand  boils  that  had  occurred  there  during  the  1937  flood.  It 
vas  selected  for  installation  of  an  experimental  relief  well  system  in 
1950  for  these  reasons  also,  and  because  of  the  tmiformity  of  soil  condi- 
tions both  riverward  and  landward  of  the  levee,  and  the  availability  of 
results  of  previous  geological  and  soil  studies,  as  well  as  piezometric 
and  seepage  data.  The  top  stratum  landward  of  the  levee  consists  of  a 
medium  thick  (8  to  9 ft)  clay  blanket  except  where  the  thickness  has  been 
reduced  by  a landside  drainage  ditch  2 to  3 ft  deep. 

Description  of  site 

288.  Ibe  site  is  located  along  the  Mississippi  River  le’/ee  across 
from  Helena,  Ark.,  just  downstream  of  the  Trotters  5I  site.  The  G?rotters 
54  site  as  discussed  herein  extends  from  sta  53/25  to  5^/28;  however, 
most  of  the  investigation  was  centered  around  that  reach  of  levee  from 
sta  53/36  to  5V28  (plates  6l  and  84). 

289.  Plans  of  the  site,  borrov  pits,  surface  geology,  topography, 
and  piezometers  are  shown  on  plates  6l  and  84.  Plate  85  is  an  aerial 
mosaic  of  the  site  and  river  taken  after  construction  of  the  present  levee 
and  seepage  berm.  The  locations  of  certain  piezometers  at  the  lower  end 
of  the  Trotters  5I  site  are  also  shown  on  this  mosaic.  The  extent  of  the 
relief  well  system  at  Trotters  54  and  the  locations  of  all  piezometers 
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and  'borings  are  also  shown  on  plate  85.  The  levee  is  approximately  27C0 
ft  from  the  present  course  of  the  Mississippi  River.  Most  of  the  top 
stratum  riverward  of  the  levee  has  been  removed  by  riverside  borrow  pits 
5 to  10  ft  deep  and  8OO  to  1000  ft  wide.  River  stages  caui  be  estimated 
from  the  Helena,  Ark.,  gage  and  the  graph  on  plate  83. 

290.  History  of  underseepage.  During  the  1937  high  water,  an  H 
of  23.7  ft  caused  very  heavy  underseepage  from  the  levee  toe  for  a dis- 
tance 1000  ft  landward  between  sta  53/3^  and  5V26.  About  3CO  to  5OO 
relatively  small  sand  boils  occurred  in  this  area. 

291.  In  1938  a large  landside  seepage  berm  about  11  ft  thick  at 
the  levee  toe  and  200  ft  wide  was  constructed.  The  location  and  extent 
of  the  seepage  berm  are  shown  on  plates  6l  and  84;  typical  sections  of 
the  berm  are  shown  on  plates  86-89. 

292i  During  the  1950  high  water  (maximum  H - 13.5  It)  heavy  under- 
seepage and  numerous  sand  boils  occurred  in  a drainage  ditch  immediately 
landward  and  parallel  to  the  toe  of  the  berm  between  sta  53/36  and  54/34. 
Most  of  these  boils  were  3 to  6 in.  in  diameter  and  were  moving  a small 
amount  of  sand  when  observed.  The  heaviest  concentration  of  sand  boils 
occurred  between  sta  53/52  to  54/10  where  approximately  75  sand  boils 
were  found.  Some  of  these  boils  were  as  large  as  10  in.  in  diameter;  12 
sand  boils  were  counted  in  a landside  drainage  ditch  between  sta  54/10 
and  54/13.  Numerous  small  pin  boils  were  also  observed  between  the  toe 
of  the  berm  and  the  drainage  ditch.  Seepage  rising  to  the  surface  im- 
miodiately  landward  of  th.c  berm  toe  between  sta  53/48+15  to  54/10+25  was 
measured  on  8 February  1950  when  H = I3.5  It.  The  average  rate  of  seepage 
along  this  reach  of  levee  was  55  per  ICO-ft  station,  or  approximately 
4 gpm  per  ft  H per  ICO  ft  of  levee.  The  measured  seepage  flow  does  not 
represent  the  total  seepage  passing  beneath  the  levee  at  this  point,  as 
there  was  still  some  flow  of  seepage  landward  of  the  drainage  ditch  as 
indicated  by  the  slope  of  the  hydraulic  grade  lino  immediately  landward 
of  the  ditch. 

293*  A relief  well  system,  with  2-l/2-in.-ID  wells  on  75-f^  centers, 
was  installed  letween  sta  53/3lT8Jt  and  54/34+CO  about  50  ft  landward  from 
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tlie  landside  toe  of  the  seepa/'e  berm  in  1943*  These  wells  flowed  during 
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high  river  stages  that  occurred  in  May- June  1943.  The  average  well  flow 
was  25.5  gP®  for  H = 9*4  ft,  or  a flow  of  3*6  gpm  per  ft  H per  ICO-ft 
station.  The  well  system  was  plugged  in  December  1943* 

294.  An  experimental  relief  well  system,  with  6-in. -ID  wells  on 
50-ft  centers,  was  installed  between  sta  53/51+55  and  54/8t25  along  the 
landside  toe  of  the  seepage  berm  in  I95O  (see  Appendix  D).  These  wells 
were  operated  during  high  river  stages  in  I95I  and  1952.  The  average 
well  flow  was  75  gpm  for  H = 7*5  ft,  or  20  gpm  per  ft  H per  ICO-ft 
station. 

295*  Piezometer  installations.  Piezometers  were  installed  in  1942, 
1943,  1948,  and  1950.  The  installation  consists  essentially  of  a line  M 
of  piezometers  perpendicular  to  the  levee  at  sta  54/l,  with  numerous  pi- 
ezometers along  the  toe  of  the  seepage  berm  and  in  the  well  line.  Piezom- 
eter readings  were  obtained  during  the  high  water  in  1943,  1950,  1951> 

and  1952, 

Geology  of  site  and  soil  conditions 

296.  The  general  geology  of  the  site  is  illustrated  on  plate  6I. 

The  type  and  thickness  of  top  stratum  materials  are  illustrated  in  more 
detail  on  plate  84.  The  levee  at  the  site  crosses  an  old  river  channel 
laid  down  during  course  12,  which  extends  from  approximately  levee  sta 
53/37  to  54/18.  The  sediments  within  this  area  consist  of  impervious  top 
stratxim  and  a thick  pervious  substratum  extending  to  a depth  of  about  I30 
ft  (see  plates  86-89).  From  about  sta  53/l6  to  53/51  the  top  stratum  con- 
sists of  a fairly  uniform  clay  layer  about  15  to  20  ft  thick,  overlain  by 
natural  levee  deposits  4 to  7 ft  thick.  From  sta  53/51  to  54/18  the  top 
stratum  thins  to  a relatively  uniform  clay  strat’ira  only  10  ft  thick,  which 
extends  along  the  toe  of  the  levee.  The  top  stratum  thickens  somewhat 
landward  of  the  levee.  A stratur..  of  extremely  uniform  fine  and  very  fine 
sand  about  35  ft  thick  lies  immediately  beneath  the  top  stratum  of  clays 
and  silts;  uniform  medium  to  coarse  sands  approximately  SO  ft  thick  lie 
below  the  fine  sands.  At  lower  depths  a considerable  amaunt  of  gravel  is 
interspersed  in  the  coarse  sand.  Tertiary  materials  underlie  the  sand 
substratum.  This  condition  of  an  upper  stratum  of  relatively  impervious 
clays  and  silts  underlain  by  a stratum  of  fine  sands,  in  turn  underlain 


by  a massive  stratiam  of  coarser  sands  and  gravels  is  typical  of  many  sites 
along  the  Lower  Mississippi  River  levees,  except  that  the  stratum  of  very 
fine  sands  at  Trotters  5**-  is  somewhat  thicker  than  usual. 

297*  Relation  of  underseepage  to  geology.  As  illustrated  on  plate 
84,  the  character  and  thickness  of  the  top  stratum  are  relatively  uniform 
except  for  a thicker  deposit  of  clay  at  the  upstream  end  of  the  site. 
Seepage  was  less  severe  during  both  the  1937  and  1950  high  waters  in  the 
area  covered  by  the  thicker  clay.  The  somewhat  thicker  top  stratvira  land- 
ward of  the  levee  toe  at  the  center  of  the  site  no  doubt  exerts  a certain 
concentrating  influence  on  seepage  between  the  levee  toe  and  the  thicker 
top  stratum.  The  shallow  drainage  ditch  immediately  landward  of  the 
seepage  berm  toe  at  the  site  has  caused  most  of  the  sand  boils  observed 
to  date  to  form  on  the  bottom  and  sides  of  this  ditch.  The  rather  severe 
seepage  conditions  at  the  Trotters  54  site  may  be  attributed  principally 
to  the  riverward  borrow  pits  in  which  the  top  stratian  has  been  removed 
down  to  the  underlying  clean  pervious  sands  and  which  provide  a ready 
entrance  for  seepage  into  the  pervious  foundation.  The  lesser  seepage 
upstream  of  sta  53/45  is  probably  a result  of  both  the  riverside  borrow 
pits  not  penetrating  the  top  blanket  and  the  top  stratum  landweird  of  the 
levee  being  appreciably  thicker. 

298.  Soil  profiles  and  piezometer  lines.  The  locations  of  piezom- 
eters and  borings  are  shown  in  plan  on  plate  84.  Soil  profiles  and  pi- 
ezometer lines  both  perpendicular  and  parallel  to  the  landside  toe  of  the 
levee  at  Trotters  54  are  shown  on  plates  86-89.  One  perpendicular  pi- 
ezometer line  M is  located  in  the  area  where  underseepage  was  most 
severe  during  the  1937  high  water,  and  it  extends  from  netir  the  river  to 
a distance  of  33X)  ft  landward  of  the  levee.  Additional  piezometer  lines 
(N,  Q,  R,  and  O)  were  located  perpendicular  to  the  levee  to  provide  a 
check  on  the  distance  to  the  effective  soxirce  of  seepage  entry  and  seep- 
age exit  at  the  site.  Numerous  piezometers  were  located  along  the  land- 
side  toe  of  the  present  seepage  berm  (line  T)  and  in  the  line  of  relief 
wells  (line  U).  The  tips  of  most  of  the  piezometers  were  installed  in 
the  upper  part  of  the  pervious  substratum  a short  distance  below  the  top 
blanket;  however,  as  shown  on  plate  86,  a number  of  tips  were  installed 


at  the  bottom  of  the  very  fine  sand  stratum. 

299»  Eie  thickness  of  the  top  stratum  silts  and  clays  at  the  site 
ranges  from  9 to  11  ft  except  at  the  bottom  of  the  drainage  ditch  where 
the  thickness  is  only  about  6.5  ft  (plates  86-89). 

300.  The  principal  seepage -carrying  stratum  of  medium  and  coarse 
sands  at  this  site  is  quite  pervious  and  averages  about  85  to  90  ft  in 
thickness  depending  on  the  thickness  of  the  upper  fine  sand  stratum  and 
irregularity  of  the  top  of  the  underlying  Tertiary  formation. 

Analysis  of  piezomet- 
ric  and  seepage  data 

301.  River  stages  and  piezometer  readings  observed  at  the  Trotters 

54  sire  during  the  1943,  1950,  1951,  and  1952  high  waters  are  plotted  on 

plates  9O-96.  A relief  well  system  (1943)  was  in  operation  during  a part 

of  the  1943  high-water  period.  An  analysis  of  the  1943  relief  well  system 
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at  Trotters  54  has  been  reported  previously  and  is  not  repeated  herein. 
After  the  high  water  of  I95O  a new  relief  well  system  was  installed  at 
this  site,  and  was  in  operation  during  the  I95I  and  1952  high  waters. 

The  design  and  construction  of  this  system  and  its  operation  in  I95I  and 
1952  have  been  reported  in  detail  in  reference  31;  its  design  and  per- 
formance are  summarized  in  Appendix  D.  The  following  ansilysis  pertains 
to  conditions  observed  when  the  wells  were  closed,  except  that  estimates 
of  the  permeability  of  the  substratum  were  based  in  part  on  well  flows 
corresponding  to  piezometric  data  obtained  when  the  wells  were  flowing. 

The  maximum  heads  created  on  the  levee  at  Trotters  54  during  the  1943, 
1950,  1951,  and  1952  high  waters  with  the  well  systems  closed  were  9.2, 
13.8,  5*5,  and  8.8  ft,  respectively. 

302.  Piezometric  gradients  in  the  pervious  substratum  beneath  and 
landward  of  the  levee  at  piezometer  line  M are  shown  on  plates  97  and  98 
for  selected  river  stages  emd  relief -well  operating  conditions  during  the 
1950,  1951,  and  1952  hi^  waters.  Gradients  at  piezometer  lines  R and  (4 
during  the  1953.  and  1952  high  waters  are  shown  on  plate  99*  Hie  hydro- 
static head  along  the  toe  of  the  seepage  berm,  line  T piezometers,  is 
shown  on  plate  ICO  for  the  I951  and  1952  high  waters,  (Piezometer  line 

T was  not  in  existence  during  the  1950  high  water.)  From  plate  97,  I't 
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n&y  "be  noted  that  h at  piezometer  line  M was  approximately  5»0  to  5-5  ; 

® I 

ft  above  the  ground  surface  at  the  crest  of  the  195O  high  water.  During 

, ( 

this  high  water,  excess  heads  of  2 to  4 ft  existed  as  far  as  250O  ft  land-  : 

ward  of  the  levee.  Plates  97  and  98  show  that  the  hydrostatic  grade  line  5 

in  the  pervious  substratum  at  line  M flattened  rapidly  landward  of  the  l 

levee.  Thus  most  of  the  seepage  passing  beneath  the  levee,  after  the  [ 

I 

ground-water  storage  becomes  filled,  apparently  rises  to  the  surface  be-  v 

tween  the  levee  and  a point  ajproximately  SDCO  ft  landward.  j 

303.  A summary  of  information  pertaining  to  the  site  and  results  • 

i 

of  anailysis  of  piezometric  and  seepage  data  are  given  in  table  12.  i 

304.  Source  of  seepage.  Seepage  can  enter  the  pervious  substratum 
at  Ti^tters  5*^  from  the  main  channel  of  the  liississippi  River  and  through 
riverside  borrow  pits, 

305*  Values  of  s are  plotted  for  lines  M,  Q,  and  R in  fig.  32. 

The  values  at  the  crest  of  the  high  waters  are  given  in  table  12.  The 
values  of  s shown  in  fig.  32  and  as  depicted  graphically  on  the  piezo- 
metric gradients,  plates  97 -99^  indicate  that  the  seepage  enters  the  sand 
substratum  pricari]^  through  the  riverside  borrow  pits  where  most  of  the 
natural  impervious  top  stratum  has  been  removed.  It  is  pointed  out  that 
piezometers  M-I-X,  M-1,  and  M-8  riverward  of  the  levee  on  line  M indicated 


Fig.  32.  Distances  to  effective  seepage  source  and  exit. 
Trotters  5*^#  lines  M,  Q,  and  R 
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hydrostatic  heads  almost  equal  to  the  river  stage.  Valias  of  s rauged 
frcE  about  ^X)  to  UCX)  ft  at  the  crest  of  both  the  1950  1952  bi^ 

waters.  It  caLy  he  seen  in  fig.  32  ttiat  s ^creased  considerably  as  the 
river  rose.  From  the  values  of  s plotted  vs  river  stage  in  fig.  32,  it 
is  estimated  that  s may  he  as  close  as  85O  to  950  ft  at  tl^  project 
flood  stage  if  borrow  pit  eolations  are  not  altered.  Dius,  the  effecti-re 
source  of  seepage  entry  would  be  only  about  300  ft  fren  the  riverside  toe 
of  ti^  levee  at  such  a flood  stage. 

306.  Seepage  exit.  Values  of  are  plotted  vs  corresponding 
river  stages  in  fig.  32  for  ti^  19^3,  1950,  1951,  sad  1952  high  waters. 

A lii^  of  best  fit  has  been  drawn  throu^  the  readings  for  lii^  M in  fig. 
32.  At  this  line,  where  the  top  stratum  for  a distance  of  aOTroxisately 
300  ft  laidward  of  tbs  seepage  hem  toe  consists  of  about  9 ft  of  clay, 
was  about  770  ft  at  the  crest  of  the  above-rentici^  hi^  waters.  At 
piezixseter  lines  P,  Q,  R,  aM  S,  at  nearly  the  1952  crest  ranged 
from  about  5CO  to  8CX)  ft.  In  considering  the  distance  to  tM  effective 
seepage  exit  at  this  site,  it  is  pointed  out  that  crudi  of  ti^  natural 
seepage  passing  beneath  the  levee  rises  to  tl^  surface  between  the  levee 
and  the  2-ft-deep  drainage  ditch  IDO  ft  lai^ard  of  Ihe  seepage  berm. 

Also  the  clay  blantet  irmediately  lardvard  of  the  seepage  berm  ard  in  tis 
bottom  of  the  draiia^  ditch  has  been  jerforated  previously  by  sam  boils 
aid  therefore  dees  ixst  perform  as  a uniform  or  continuous  layer  of  cl^. 

307.  On  the  basis  of  extrapolation  of  the  data  plotted  in  fig.  32 

aid  the  commited  raxlrxm  h that  can  exist  bemath  top  stratum 

o 

laidward  of  the  levee  at  piescsster  His  H,  x^  would  probably  be  about 
650  ft  at  the  project  flood  stage  without  the  relief  well  systes  in  o^ia- 
tion.  rather  sharp  break  in  che  seepage  exit  Hrs  at  a river  sta^ 

of  195  in  fig,  32  is  predicted  on  the  basis  that  this  sta^  will  cause 
sard  boils  that  will  provide  additiorsl  outlets  for  seepage,  thereby  re- 
ducing the  distance  to  the  effective  seepage  exit. 

308.  IMckisss  aid  isrmeabili^  of  substratum  saids.  As  previtwsly 

stated,  the  ^rvious  fouidation  at  Trotters  54  consists  of  an  tj^per 

stmlsm  of  fiis  to  irery  fiis  saids,  apprt^imatcly  ^ to  40  f t thick  with 

-U 

a k of  a^roximately  50  x ID  m ^r  sec,  urderlain  by  tls  principal 


^epage-carryli^  strafeis  consisting  of  nsditea  to  coarse  sands  about  W U> 

^ ft  thick,  the  gradation  of  lOTic®!  foui^tion  saMs  at  Srotters 
site  is  plotted  in  fig.  D3,  Ap^aiix  D.  Photographs  of  fefo  ui^sfeirhed 
sasplfis  of  the  fouiaiation  sands  are  shewn  on  plate  83. 

^39.  perggaoili-fy  of  the  pervioiis  suhstratusi  was  estisated 
flroa  laboratory  j^nssability  tests,  correlation  of  vs  in-situ  perssea- 
bili^  as  stom  by  fig.  I7,  seepage  and  piezcsretric  data,  field  pimping 
tests,  aM  well  flow  and  piezraretric  data,  aM  the  results  for  lira  M 
are  inclined  in  table  12.  Reasonably  good  checks  were  obtairad  for  the 
several  nsthods  used  except  for  ■Uje  k estirated  frea  laboratory  tests, 
princinal  aquifer  is  considered  to  have  an  in-sitai  persseabtlity  of 

I, 

ab<xit  1^0  X 10“^  m ]^r  sec. 

310.  Haickrass  and  rarcaabillty  of  top  stratua.  Sie  top  straiua 
landward  of  levee  has  been  ces<ndbed  ui^r  "Geology  of  site  aM  soil 
conditions."  !ihe  effective  thickness  of  top  stratus  used  the  seepage 
analyses  cade  at  the  various  piezerater  liras  is  given  in  table  12.  The 
critical  thickness  of  top  stratun  as  regards  iplift  considerations  airf. 

the  developzent  of  saisi  boils  is  ttet  beneath  tte  drainage  ditch  previously 
referred  to,  aM  ranges  £r<xs.  aixsut  5.5  to  6.5  rt-  B*e  perraebility  of 
the  clay  top  stratus  as  «siiuted  frtrs  blanket  furculas  aai  piezesatric 
data  obtained  at  the  crest  of  tte  various  high  waters  ard^  ti^  effective 

_lf 

thicloxisses  slKsm  in  table  12  ran^d  frtxa  about  2 to  5 x 10  cm  per  sec. 
Ine  ranaeability  of  a l(X)-ft-wide  strip  including  critical  drainage 
ditch  area  was  c<a^ted  froa  zraasurad  seej^c  aM  average  exrass  head  be- 
raath  the  area.  ^ this  rathod  aM  fr<xs  these  data  tte  pjrneability  of 
ttie  tep  strata  in  this  strip  was  fouid  to  be  1 x 10  cm  per  sec.  Ihe 
fact  that  the  rarraability  of  the  clay  blanket  is  very  caich  greater  tton 
t^Mld  rarsally  be  associated  witb  such  raterial  is  attributed  to  the 
existence  of  raiserous  crayfish  holes,  sand  boils,  asA  other  fissures  in 
top  stratum  throvii^  which  lasst  of  the  seeixige  was  erargii^  (see  fig. 

10  and  photographs  of  aidisturbed  sssples  on  plate  83)  • 

311.  l^rra^illty  ratio,  Estirates  of  tte  ratio  of  i«rEe^iUty 
of  the  foundation  to  tluit  of  tte  top  stratum  along  the  several  piez<^ter 
liras  at  the  high  water  crests  are  shewn  in  table  12.  In  general. 


146 


this  ratio  ranged  from  about  500  to  700. 

312.  Seepage  flow.  Seepage  passing  beneath  the  levee  at  che  crests 
of  the  high  waters,  and  for  the  project  flood,  was  estimted  using  cor- 
responding measured  values  of  H , s , and  for  these  floods  (see 

table  12) . At  the  195O  crest  Q at  piezometer  line  M was  estimated  to 

s 

be  125  gpm  per  100  ft  of  levee.  Q /H  ranged  from  about  8 to  12  gpm  per 

s 

100  ft  of  levee  for  the  various  piezometer  lines  and  high  waters. 
as  determined  from  seepage  measurements  during  the  1950  crest  between 
levee  sta  53/48^■15  and  54/10+25,  and  between  the  levee  and  landside 
drainage  ditch,  was  4.0  gpm.  In  comparing  the  above  values  of  Q./H 
and  Q./H  , it  is  ^ . inted  out  that  the  Q /h  as  determined  from  piezo- 
metric  data  and  fo.^.idation  permeability  characteristics  represents  the 
total  seepage  flow  passing  beneath  the  levee,  whereas  the  value  for 
includes  only  the  seepage  emerging  between  the  levee  and  th  .ide 

edge  of  the  drainage  ditch.  On  the  basis  of  the  piezometric  grauients 
observed  at  line  M during  the  1950,  1951,  and  1952  high  waters  (plates 
97  ^‘iid  98)  it  appears  that  approximately  60  to  80^  of  the  computed  Q 

5 

seepage  was  emerging  within  a short  distance  landward  of  the  levee  at  the 

crests  of  these  high  waters,  and  that  probably  90^  of  Q was  emerging 

s 

landward  of  the  levee.  At  project  flood  stage  the  natural  seepage  with 

no  change  in  borr^-w  pit  conditions  from  those  existing  since  1943  is 

estimated  at  approximately  3OO  gpm  per  100  ft  of  levee,  or  Q /H  = 10  gpm. 

6 

From  these  data  it  may  be  conclud-d  that  the  Trotters  54  site  is  subject 
to  a high  rate  of  seepage  at  significant  flood  stages.  Flow  from  the 
1950  relief  weLl  system  when  operating  on  50-  and  100-ft  centers  averaged 
about  l6  cpm  per  ft  H per  100  ft  of  levee  during  the  1951  and  1952  high 
vacers  (see  Appendix  D).  No  observable  natural  seepage  rose  to  the  sur- 
face landward  of  tl,e  ’,)ell  system  when  the  well  system  was  in  operation. 

The  head  between  wells,  with  the  well  system  operating  on  50-  and  100-ft 
centers,  was  about.  8 and  15  per  cent  H , respectively. 

313 • Lo.ndside  substratum  pressures.  Hydrostatic  heads  at  and  im- 
mediately landward  of  the  seepage  berm  uurlng  the  high  waters  since  1943 
are  shown  on  plates  97-99«  Hydrostatic  pressures  that  developed  along 
the  toe  of  the  berm  at  or  near  the  1951  and  1952  crests  are  shown  op 
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f 
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plate  100,  line  T.  Readings  of  selected  piezometers  at  or  near  the  land- 
side  toe  of  the  levee  vs  river  stages  are  plotted  on  plate  101.  Also 
shown  are  estimated  piezometer  readings  for  river  stages  up  to  the  project 
flood.  The  head  on  the  levee,  type  and  thickness  of  top  stratum,  and  sub- 
stratu.'!:  .ressures  at  certain  typical  piezometers  along  the  landside  toe 
of  the  berm  are  given  in  table  13 . Plates  show  that  the  maximum 

heads  leindward  of  the  levee  lagged  little  if  any  behind  the  crest  of  the 
river.  Curing  the  I95O  high  water  there  was  an  estimated  lag  of  approx- 
imately 5 to  7 days  in  the  development  of  excess  heads  landward  of  the 
levee  after  the  river  reached  the  levee.  This  is  attributed  to  filling 
of  the  natural  ground  storage  landward  of  the  levee  as  the  river  rose. 

The  well  system  at  Trotters  began  to  operate  during  the  1951  and  1952 
high  waters  with  a head  of  only  about  1 to  2 ft  on  the  system.  Thus  the 
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Table  XI 
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lag  in  development  of  excess  heads  landward  of  a levee  during  rising 
river  stages  depends  to  a marked  extent  upon  previous  river  stages  and 
ground-water  storage  conditions  "beneath  and  landward  of  the  levee. 

314.  From  the  data  shown  on  plate  101  and  in  table  13,  and  from 
field  observations,  uplift  pressures  sufficient  to  cause  sand  boils  im- 
mediately landwsird  of  the  levee  and  in  the  drairiage  ditch  along  the  toe 
of  the  existing  seepage  berm  may  be  ejq)ected  between  sta  53/50  and  54/20 
at  flood  stages  higher  than  7 "to  9 ft  without  the  relief  well  system  in 
operation.  For  these  river  stages,  uplift  pressures  of  2 to  3 ft  were 
observed  at  the  toe  of  the  seepage  berm  (see  table  13  and  plates  ICO  and 
lOl).  These  pressures  correspond  to  approximately  25  to  35^  H . The 
net  hydrostatic  head  above  the  water  in  the  drainage  ditch  approximately 
ICO  ft  landward  o^  the  seepage  berm  toe  ranged  from  about  4 to  5 f"fc*  In 
the  drainage  ditch,  where  most  of  the  sand  boils  occurred  in  1950-1952, 

i through  the  top  stratum  ranged  from  about  0.5  to  0.8  (table  13 ) com- 
pared to  a theoretical  i of  0.8  for  clays.  The  maximum  gradient  through 

w> 

the  top  stratum  where  no  sand  boils  were  observed  was  about  0.5.  However, 
rather  heavy  seepage  was  observed  in  these  areas. 

315.  In  summary,  it  appears  that  excess  heads  as  high  as  3 "to  5 ft 
and  numerous  sand  boils  may  be  expected  at  Trotters  54  site  when  H is 
higher  than  about  8 ft  and  the  relief  well  system  is  not  in  operation. 

River  heads  higher  than  8 fx  will  increase  substratum  hydrostatic  pres- 
sures very  little  because  the  top  stratum  in  the  bottom  of  the  drainage 
ditch  immediately  landward  of  the  levee  ceui  withstand  only  a head  of  this 
amount  before  it  ruptures  or  sand  boils  develop.  Since  the  project  flood 
stage  will  create  an  H of  approximately  28  ft,  numerous  and  probably 
severe  sand  boils  may  be  expected  unless  the  existing  relief  well  system 
is  operated.  Such  boils  may  also  be  e:q)ected  downstream  of  the  well 
system  where  top  stratum  conditions  are  quite  similar  (see  plate  87)* 

No  analysis  of  the  condition  upstream  of  the  relief  well  system  has  been 
made. 

316.  The  limited  h^  that  can  develop  beneath  a given  top  stratum 
is  well  illustrated  by  the  plot  of  M-4-W  piezometer  readings  vs  river 
stage  on  plate  101,  This  plot  shows  how  the  substratum  pressure  increases 
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with  increasii3g  river  stage  up  to  a certain  amount  equal  to  about  the 
critical  pressure  for  the  weakest  point  in  the  top  stratum  at  which  sand 
boils  were  observed.  In  this  instance  after  the  river  rose  above  9 ft 
on  the  levee  (el  I89)  the  hydrostatic  pressure  at  piezometer  M-4-W  re- 
mained essentieJLly  constant. 

317*  Hydrostatic  head  vs  depth.  Several  line  M and  R piezcmeterr- 
were  installed  at  various  elevations  within  the  pervious  substratum  for 
determining  variation  in  head  at  depth  within  the  sand  stratvim,  and  loss 
of  head  as  the  subsurface  seepage  rises  to  the  surface.  The  piezometric 
head  above  ground  surface  as  measiired  by  such  piezometers  at  about  the 
crest  of  the  195I  and  I952  hi^  waters  is  plotted  in  fig.  33*  The  tips 


nezowmiic  twAb  (h)  akovc  caouno  surface  in  feet 


LINE  M LINE  R 

Pig*  33*  Piezoraetric  head  above  ground  surface  at  various  depths  land- 
ward of  levee,  Trotters  54,  Miss.  (Note:  figures  in  parentheses  are 

river  stage  H above  ground) 


of  these  piezon^ters  in  this  case  were  installed  heneath  the  top  stratum 
and  helow  the  fine  to  very  fine  sand  stratum  previously  described.  Data 
in  fig.  33  indicate  relatively  little  loss  in  head  (0.2  to  0.6  ft)  as  the 
seepage  from  the  deep,  principal  water-carrying  stratum  rose  vertically 
through  the  overlying  stratum  of  fine  to  very  fine  sand  for  H = 6 to  10 
ft.  For  high  river  stages  the  head  loss  iq>  through  the  fine  sand  stratum 
would,  of  course,  be  proportionately  greater. 

Evaluation  of  seepage  problem  and 
recommendations  for  control  measures 


318.  An  H of  approximately  8 ft  at  Trotters  a river, stage 
approximately  20  ft  below  project  flood  stage,  causes  the  formation  of 
sand  boils  in  the  drainage  ditch  landward  of  the  levee.  At  no  time  during 
the  high  waters  since  19^3  has  any  hydrostatic  head  risen  above  the  sur- 
face of  the  seepage  berm  at  Trotters  (see  plates  97-99).  The  pre- 
dicted gradient  beneath  the  existing  levee  and  seepage  berm  at  line  M for 
the  project  flood  without  the  relief  well  system  in  operation  is  plotted 
on  plate  98.  Thus,  the  existing  seepage  berm  is  not  wide  enough  to  pre- 
vent the  development  of  critical  uplift  pressures  but  has  more  than  ade- 
quate thickness. 

319*  The  relief  well  system  on  either  5O-  or  100-ft  centers  is 
considered  adequate  to  prevent  dangerous  sand  boils  from  forming  along 

I 

the  reach  in  which  it  is  installed. 

320.  In  view  of  the  similarity  of  soil  conditions  downstream  of 
the  relief  well  system,  it  is  believed  that  the  seepage  berm  from  sta 
5^8f25  to  ^k/28  should  be  extended  landward,  or  the  relief  wen  system 
extended  downstream  in  order  to  insure  the  safety  of  the  levee  at  project 
flood  stage.  No  studies  have  been  made  regarding  concations  upstream  of 
the  present  relief  well  system. 

Stovall,  Mississippi 


321.  Stovall  was  originally  selected  for  investigation  because  it 
was  one  of  the  worst  underseepage  and  sand  boil  sites  in  the  Men5)his 
District  during  the  1937  flood.  In  1947  it  was  chosen  for  installation 


of  piezometers  "because  of  the  availability  of  fairly  complete  soils  data, 
and  the  fact  that  the  site  represented  a highly  irregular  type  of  land- 
ward top  stratum  conditions.  It  was  also  still  considered  to  be  a site 
that  might  be  critical  with  respect  to  underseepage. 

Description  of  site 

322.  !The  site  is  located  along  the  east  bauik  levee  of  the  Missis- 
sippi River  approximately  3-1/2  miles  west  of  Stovall,  Miss.,  £ind  extends 
from  sta  77/^  to  78/30*  The  levee  is  approximately  25OO  ft  from  the 
bend  of  Island  63,  a chute  of  the  Mississippi  River.  Plans  of  the  site, 
river,  borrow  pits,  surface  geology,  topography,  and  piezometers  are 
shown  on  plates  102  and  103.  Plate  104  is  an  aerial  mosaic  of  the  site 
flown  in  November  19^7;  an  aerial  mosaic  of  the  site  taken  before  con- 
struction of  the  present  levee  and  seepage  berm  is  included  as  an  insert 
on  this  plate.  The  location  of  the  leuidside  toe  of  the  levee  as  it 
existed  during  the  1937  high  water  is  shown  by  a dotted  line  on  the  in- 
sert. The  levee  at  Stovall  has  a net  height  of  approximately  29  ft.  Ex- 
tensive riverside  borrow  pits  have  been  excavated  along  the  portion  of 
levee  studied,  in  some  of  which  the  natural  top  blanket  of  clays  and  silts 
has  been  removed,  while  in  others  there  is  still  an  appreciable  thickness 
of  clay  cover.  River  stages  can  be  estimated  from  the  Helena,  Ark.,  gage 
and  the  graph  on  plate  II6. 

323.  History  of  underseepage.  During  the  1937  high  water,  a max- 
iraiun  H of  26.5  ft  caused  heavy  underseepage  and  sand  boils  between  sta 
77/25  and  76/30.  Five  sand  boils  occurred  in  the  vicinity  of  the  levee 
toe  at  sta  77/40;  between  sta  78/12  and  78/16  the  sand  boil  area  extended 
from  the  levee  toe  landwaurd  for  200  ft.  Opposite  sta  76/6  a large  sand 
boil  and  three  smaller  boils  developed  on  the  bank  of  a slough  210  ft 
from  the  toe  of  the  levee.  All  of  these  boils  were  discharging  consid- 
erable material  when  first  discovered.  The  boils  were  surrounded  with 
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large  sack  sublevees  but  continued  to  discharge  very  fine  sand  for  more 
than  15  days.  The  material  ejected  was  deposited  to  a depth  of  6 ft  in 
the  slough  and  amounted  to  approximately  ICOO  cu  yd.  Pig.  9 is  a photo- 
graph of  the  large  sand  boil  which  is  also  shown  on  plate  U6.  This  was 
probably  one  of  the  worst  boils  that  occurred  along  the  Lower  Mississippi 
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River  levees  during  the  1937  high  water. 

3c^r.  A large  leuidside  seepage  berm  about  10  ft  thick  at  the  levee 
toe  euid  200  ft  wide  was  constructed  along  the  Stovall  loop  levee  in  1938. 
The  location  and  extent  of  this  berm  are  shown  on  plates  102  and  103; 
typical  sections  of  the  berm  are  shown  on  plates  105  106. 

325.  During  the  1950  hi^  water  (maximum  H = approximately  15  ft), 
heavy  vmderseepage  occurred  along  the  toe  of  the  seepage  berm  and  land- 
ward for  about  100  ft  between  sta  77/25  and  78/30.  Ten  sand  boils  vary- 
ing in  size  from  2 to  4 in.  were  active  between  sta  77/^1  and  77/^3;  their 
flow  was  estimated  to  be  from  5 to  70  gpm  each.  Relatively  little  sand 
was  discharged  from  any  of  the  boils.  Seepage  filled  the  slough  landwsird 
of  the  levee  from  sta  78/4  to  78/25.  Upstream  of  this  slough,  most  of 
the  seepage  and  flow  from  the  sand  boils  were  concentrated  in  a small 
drainage  ditch  parallel  to  and  approximately  ICO  ft  from  the  toe  of  the 
berm.  Measurement  of  the  flow  in  this  ditch  at  sta  77/38+75  and  78/I+3O 
on  2i  February  1950  showed  that  l4C0  gpm  of  seepage  was  rising  to  the 
surface  between  these  two  points  and  the  ditch  landward  of  the  berm  toe. 
This  seepage  amounted  to  117  SPm  per  100  ft  of  levee  with  H = l4.5  ft, 

or  8.1  gpm  per  ICO  ft  of  levee  per  ft  H . 

326.  Locations  of  the  sand  boils  that  occurred  during  the  1937  and 
1950  high  waters  and  the  location  of  the  seepage  measuring  points  are 
shown  on  plate  IO3. 

327.  Piezometer  installation.  In  1948  two  lines  of  piezometers, 

A and  B,  were  installed  perpendicular  to  the  levee  at  sta  77/38+CO  and 
77/48+50,  respectively,  with  some  piezometers  (line  E)  placed  along  the 
berm  toe  from  sta  77/33  to  78/20  (plates  I03  and  104),  Piezometer  read- 
ings were  obtained  during  the  1950  high  water. 

Geology  of  site  and  soil  conditions 

328.  The  general  geology  of  the  site  is  illustrated  on  plate  102. 
The  type  and  thickness  of  top  stratum  soils  are  illustrated  in  more  de- 
tail on  plate  IO3.  This  site  is  located  in  an  area  of  point  bar  and 
channel  deposits  formed  while  the  river  occupied  courses  12  and  13  and 
as  it  was  gradually  enlarging  a meander  loop  (see  plate  102).  Clayey 
natural  levee  deposits,  which  are  indistinguishable  in  composition  from 
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the  underlying  fine-grained  point  bar  deposits,  cover  the  area.  So  far 
as  is  knowh>  the  natural  levee  deposits  contain  no  silty  or  sandy 
materials. 

329.  The  top  stratum  consists  largely  of  clayey  deposits  highly 
variable  in  thickness,  ranging  from  about  11  to  30  ft,  being  thickest  in 
two  broad  swales  that  cross  the  levee  at  an  angle  of  approximately  45 
degrees  (plate  IO3).  Although  the  two  broad  swales  at  the  site  are  largely 
filled  with  clay,  they  do  contain  numerous  strata  of  silts  and  very  fine 
sands  (plate  IO5).  The  top  stratum  between  the  swales  also  consists  of 
clay  about  10  to  12  ft  thick. 

330.  Relation  of  underseepage  to  geology.  The  most  severe  under- 
seepage and  sand  boils  occurring  during  the  1937  high  water  were  located 
between  the  then-existing  landside  toe  of  the  levee  and  the  rather  mas- 
sive clay-filled  swales  at  the  site  (see  plate  IO3).  It  is  of  particular 
interest  to  note  the  location  of  the  very  large  boils  at  the  edge  of  the 
old  slough  at  sta  78/6.  It  is  also  of  interest  that  practically  no  sand 
boils  were  observed  in  the  areas  of  the  thick,  clay -filled  swales.  Al- 
though the  top  stratum  was  10  to  I5  ft  thick  between  the  levee  toe  and 
the  clay-filled  swales,  the  relatively  high  head  on  the  levee,  nearness 
of  source  of  seepage,  and  the  concentrating  effect  of  the  swales  landwturd 
of  the  levee  caused  the  formation  of  very  active  and  serious  sand  boils 
in  the  ares  during  the  I937  flood  (see  section  A-A,  plate  IO5,  and  C-C, 
plate  106). 


331*  The  seepage  berm  constructed  in  1938  covered  most  of  the 
thinner  top  stratum  between  the  levee  toe  and  the  swale  between  sta  78/5 
and  78/15,  and  no  sand  boils  occurred  along  this  reach  of  levee  during 
the  1950  hi^  water.  However,  the  surface  geology,  as  shown  on  plate  I03, 
indicates  a potentially  critical  area  between  borings  S-1  and  S-6.  Al- 
though the  seepage  berm  blanketed  the  1937  sand  boil  area  between  sta 
77/38  and  77/40,  numerous  active  sand  boils  occurred  at  the  toe  of  the 
present  seepage  berm  between  the  two  clay-filled  swales  during  the  1950 
hi^  water  (see  plate  I03). 

332.  It  is  pointed  out  that  the  toe  of  the  present  seepage  berm 
is  now  only  about  0 to  500  ft  from  the  edge  of  the  landwardmost 
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clay-filled  swale  (see  plate  103>  section  A-A  on  plate  IO5,  and  section 
C-C  on  plate  IO6) . While  the  seepage  herm  may  have  eliminated  one  of 
the  potentially  critical  sand  hoil  areas,  it  has  not  alleviated  the 
situation  "between  sta  77/35  and  77/47>  except  by  lengthening  the  path 
of  seepage  and  moving  the  point  of  potential  piping  farther  from  the 
levee  toe.  Another  predominating  cause  of  seepage  and  ssind  boils  in  this 
reach  is  the  close  effective  seepage  entrance  in  those  portions  of  the 
riverside  borrow  pits  excavated  to  sand.  The  most  severe  seepage  during 
the  1937  and  1950  high  waters  was  opposite  those  portions  of  riverside 
borrow  pits  in  which  most  of  the  clay  top  stratum  had  been  removed  (see 
plate  103) . The  fact  that  no  sand  boils  occurred  along  other  portions 
of  the  Stovall  site  geologically  similar  to  reaches  where  large  sand 
boils  did  occur  can  probably  be  attributed  to  the  fact  that  the  borrow 
pits  opposite  the  former  reaches  of  levee  are  still  covered  with  an  ap- 
preciable thickness  of  clay  top  stratum. 

333*  Soil  profiles  and  piezometer  lines.  Locations  of  piezometers 
and  borings  are  shown  in  plan  on  plates  IO3  and  104.  Soil  profiles  and 
piezometer  lines  are  shown  on  plates  IO5-IO7;  a soil  profile  through  the 
riverside  borrow  pits  and  logs  of  miscellaneous  borings  made  in  these  pits 
are  shown  on  plate  IO8.  One  piezometer  line  (A)  was  located  perpendicular 
to  the  levee  at  a point  considered  particularly  critical  with  regard  to 
under seepage.  Piezometer  line  B was  located  so  as  to  cross  one  of  the 
rather  deep  swales  at  a point  where  the  swale  crosses  beneath  the  toe  of 
the  present  seepage  berm  and  where  no  serious  sand  boils  had  occurred. 

One  piezometer,  D-10,  was  also  installed  riverward  of  the  levee  between 
lines  A and  B in  a portion  of  the  borrow  pit  that  had  been  excavated  to 
sand.  Other  piezometers  were  installed  beneath  and  along  the  toe  of  the 
present  seepage  berm  at  locations  considered  representative  of  different 
conditions  at  the  site.  The  tips  of  some  of  the  line  B piezometers  were 
installed  at  an  elevation  approximately  equal  to  the  depth  of  the  swale 
which  this  line  of  piezometers  crosses,  for  the  purpose  of  determining 
if  the  pressure  head  drops  significantly  across  the  swale  filling  (see 
section  B-B,  plate  105). 

334.  The  sediments  making  up  the  top  stratum  in  the  point  bar  area 


t - - 

1--^ 

I 


I 


j , 


( 


I 

I 


f 


I 


I ■ 

I 


155 


at  StoveJJ.  are  quite  variable  as  regards  thickness  and  type.  Ihe  filling 
in  the  large  swale  farthest  landward  of  the  levee  consists  essentially  of 
an  upper  stratum  of  clay  approximately  25  ft  thick  underlain  by  5 to  10 
ft  of  sandy  silts  and  silty  sands  (plate  105 ).  ihe  other  swale  at  the 
site  appears  to  be  filled  with  more  heterogeneous  strata  of  silts,  clays, 
and  sands  (see  section  B-B,  plate  105,  and  C-C,  plate  106).  Bie  top 
stratum  between  and  adjacent  to  these  swale  fillings  consists  of  a rather 
imiform  clay  approximately  10  to  12  ft  thick  underlain  by  a 2-  to  8-ft 
stratum  of  silty  sands  smd  sandy  silts. 

335*  The  pervious  substratum  at  the  site  consists  of  medium  to 
coarse  sands  approximately  50  ft  in  thickness  (plates  IO6-IO7).  Althou^ 
this  pervious  substratum  is  the  thinnest  of  all  sites  investigated  along 
the  Mississippi  River,  it  has  sufficient  seepage  and  pressure-carrying 
capacity  when  combined  with  unfavorable  borrow  pit  conditions  and  geolog- 
ical features  to  cause  serious  sand  boils  and  piping. 

Analysis  of  piezometric 
and  seepage  data 

336.  River  stage  and  piezometer  readings  observed  at  Stovall  during 
the  1950  high  water  are  plotted  on  plates  IO9  and  110.  This  high  water 
created  a maximum  H of  about  15  ft.  Piezometric  gradients  existing  in 
the  pervious  substratum  beneath  the  levee  and  berm  along  piezometer  lines 
A and  B at  selected  river  stages  diuring  the  I95O  high  water  are  shown  on 
plates  111  and  112;  The  hydrostatic  head  along  the  toe  of  the  seepage 
berm  (line  e)  is  plotted  on  plate  II3.  The  excess  head  along  the  berm 
toe  amounted  to  6 to  9 ft  a-t  the  crest  of  the  1950  high  water.  High  ex- 
cess heads  also  existed  for  considerable  distances  landward  of  the  leveej 
ICOO  ft  landward  of  the  berm  toe  the  excess  head  amounted  to  as  much  as 
5 ft,  or  3^  H (see  plates  111  and  112). 

337*  Information  pertaining  to  the  site  and  results  of  analyses 
of  piezoir^tric  and  seepage  data  subsequently  discussed  are  summarized  in 
table  l4. 

338.  Source  of  seepage.  Seepage  may  enter  the  pervious  substratum 
at  Stovall  in  a chute  of  the  Mississippi  River  and  in  parts  of  riverside 
borrow  pits  where  most  of  the  natural  clay  blanket  has  been  removed  (see 
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plates  102,  103,  and  I05).  Ko  significant  seepage  was  reported  during 
either  the  I937  or  I95O  high  waters  along  those  reaches  of  levee  where 
the  riverward  clay  blanket  had  not  been  reisoved  by  borrow  pit  operations. 

339.  The  distance  to  the  effective  source  of  seepage  as  ^tennii^ 
at  piezraister  lines  A and  B during  1950  is  plotted  in  fig.  3^»  'Sie  soiurce 
of  seepa^  as  determined  graphically  at  lines  A aM  B during  the  crest  of 
the  flood  ic  shown  on  plates  111  and  112,  resi^ctively.  Ihese  plates  aM 
fig.  3**^  show  that  seepage  enters  the  sard  substratum  primarily  throu^ 
the  riverside  borrow  pits  where  the  foundation  sand  has  been  exposed  by 
borrow  operations.  !Ihe  effective  distances  to  the  source  of  seepage  at 
lines  A and  B as  measured  frcm  the  berm  toe  were  ^out  HEX)  and  SX)  ft, 
respectively,  at  the  crest  of  the  1950  flood,  or  only  3OO  ft  riverward 

of  the  riverside  toe  of  the  levee  at  piezosster  lire  B.  It  appears  from 
fig.  34  that  s remained  essentially  constant  as  the  river  rose.  Ihe 
source  of  seepage  is  fartl^r  from  the  levee  at  lire  A than  at  line  B be- 
cause of  the  clay-filled  swale  at  the  riverside  levee  toe  at  line  A (plate 
105) . It  is  estinated  that  s will  be  about  IO5O  and  8CXS  ft  frcm  the 
berm  toe  at  lines  A and  B,  respectively,  at  the  project  flood. 

340.  Seepage  exit.  Values  of  determired  from  piezoireter 
readings  ere  plotted  vs  correspoiding  river  stages  in  fig.  34.  At  lire  A, 
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Fig.  34.  Distances  to  effective  seepage  source  awl  exit. 
Stovall,  ULres  A and  B 
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where  the  day  tap  stratum  is  about  12  ft  thick  for  about  iiOO  ft  landward 
aM  then  bec<®es  about  25  ft  thick,  was  about  135O  ft  at  the  crest 
of  tte  1950  hi^  water.  At  line  B,  where  the  tO|p  slaratua  consists  of 
about  15  ft  of  clay  and  silt,  was  about  8CX)  ft  during  the  1950  flood. 
It  is  estimated  that  x^  will  be  about  11^  aM  750  ft  at  lims  A ai^  B, 
respectively,  at  project  flood  stage.  3he  greater  value  of  at  liis 
A is  attributed  to  the  clay  plug  lai^aixL  of  the  bera  toe  whidi  in  effect 
blocks  the  emergence  of  seepage  along  this  lii^. 

341.  Ihicka^ss  and  penaeability  of  substratum  sands.  'Sxe  pervious 
foxindation  at  Stovall  consists  of  an  upper  stratum  of  fine  sai^  about  20 
to  25  ft  thick  ui^rlain  by  about  35  ft  of  nsdium-ccarse  sand  (plates  106 
and  107).  Grain-size  curves  for  typical  samples  of  the  fotudation  sar^s 
are  shown  on  plate  II6.  (hi  the  basis  of  the  relationship  between 

and  k_  (fig.  17)  the  up^r  sai^  have  a i^rE^ability  of  about  2CX)  x 

ji  t 

10  <32  par  sec  ani  the  lower  saM  stratum  about  950  x 10  <S2  per  sec. 

On  tl^  basis  of  % the  aJiuifer  is  considered  to  have  an  effective  thick- 

mss  of  1}0  ft.  Based  on  laboratory  permeability  tests,  k|.  would  be 
only  3^  X lO"**  cm  per  sec,  which  is  quite  low  for  medium  aM  coarse 
sands.  At  the  crest  of  the  1950  hi^  water,  natural  seepage  Mtween  the 
levee  aM  drainage  ditch  IsMward  of  the  levee  anajunted  to  II7  gjm 
ICO  ft  of  levee  between  sta  77/38i-75  aM  78/1+30  with  H = 14.5  ft.  Proa 

these  seenage  cxsasurements  the  r^rmeability  of  the  fouMation  was  estl- 

J4  -4 

rated  to  be  3370  x 10  os  per  sec  at  line  A aM  2320  x 10  as  tar  sec 

at  lira  B.  Ifei^ing  k^  obtaii^  frcmi  data  aM  fig.  17  wi-Ui  that 

frcHS  seepage  raasurecents,  the  average  k^  at  Stovall  was  taken  to  be 

^(X)  X 10”**^  cm  ^r  sec  for  the  aquifer  on  the  basis  of  its  Ming  40  ft 

thick. 

342.  It  should  be  noted  ttot  a discrepancy  exists  between  values 
of  as  deterairM  fwsa  % aM  , aM  the  differen^s  cannot 
readily  be  explair^.  It  ir  ixjssible  tMt  thin  gravel  strata  which  wrz 
not  saspled  with  eitMr  the  split  spoon  or  bailer  my  be  present  in  tte 
pervious  substratum.  &ach  ipravel  strata  wotOd  have  a Ibtqs  seemge- 
canryiog  ca^city  aM  could  result  in  a highly  i^rvious  substratum. 

343.  "nilcta^ss  aM  peiBeahillty  of  top  stratom.  avera^  Mp 
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steatuza  at  line  A consists  of  12  ft  of  cla>  between  the  levee  toe  and.  a 
TOint  *^50  ft  lai^^rd  of  tl^  bem  toe,  beyond  which  tl^  thickness  in- 
creases considerably  (plate  105).  Benealii  the  laMside  ditch  1CX>  ft  land- 
ward of  the  bem  toe,  the  top  stratun  is  only  about  10.5  2Tt  thick,  The 
clay  tOT  stratuia  at  line  A is  ui^rlain  by  about  3 ft  of  silty  saM  for 
the  first  ICO  ft  landwazrd  frtHa  the  bem  toe  which  increases  considerably 
farther  landward  of  the  levee.  On  the  basis  that  = 12  ft,  was 

cazmuted  to  be  2,2  x 10“^  aa  per  sec  froa  forcula  5>  using  x^  = I36O  as 
obtaiiKd  froa  the  1950  hi^-water  data  aM  a finite  length  of  laMside 
blanket  L,  = 450  ft.  FTos  natural  seepage  neasurenents  the  pernsability 
of  the  top  stratus  at  line  A was  estisated  to  be  5*3  x 10  cs  per  sec. 
5bus,  ti^  avera^  at  line  A during  the  I95O  M0i  water  was  about 

3,1  X 10“**  cm  ler  sec.  At  lii»  B the  top  stratus  laraiward  of  the  bem 
toe  consists  of  alxjut  15  ft  of  day  aM  silt.  On  -Uie  basis  that  = 

15  ft,  was  found  to  be  3*2  x 10“^  cs  per  sec  fitsi  forcula  5i  using 

Xj  " 8(X)  ft  and  » 900  ft.  Fsttra  natural  seepage  cseasuresents  was 

estirated  to  be  5.5  x 10“^  cs  per  sec.  The  average  at  line  B was 

about  3*6  X 10"^  ca  per  sec. 

344.  Penaeability  ratio.  Eie  ratio  of  the  t^rsaabillly  of  the 
fcuiKiatioa  to  that  of  ti^  clay  top  stratus  is  esti rated  to  have  been 
at  line  A,  and  7(Xj  at  liis  B duri^  1950-  Ssticates  of 

pro^ct  flood  stage  are  given  in  table  l4. 

345.  See  -ffi  flow.  Seepage  passing  beneath  the  levee  at  lii^s  A 
aid,  B at  ti^  crest  of  the  1950  flcK>d,  ai^  for  the  project  flood,  was  es- 
t1  rated  using  correspording  iseasured  values  of  H , s , aid.  • Seepage 
at  tie  1950  crest  was  estisated  to  be  about  1(X)  1^3  per  1(X)  ft  of  levee 
at  lire  A axA  I50  gm  per  ICO  ft  of  levee  at  line  B with  an  H of  about 
15  ft.  Qg/H  ranged  fr<»  about  6 to  9 per  100  ft  of  levee  in  1950. 

The  observed  see^^i  landward  of  the  levee  was  II7  gp3  per  1CX5  ft 

of  levee  in  an  area  which  enccrnassed  both  piezoster  lines  A aM  B| 

Q./h  = 8 ®3.  Estiirated  ^iuiral  seepage  at  project  flood  stage  is  about 
aX)  gpa  at  Xim  A 3W  gpa  at  line  B ^r  100  ft  of  levee  (see  table 
l4).  ^eause  of  the  relatively  flat  piezc«;tric  ^ide  lii»  laMward  of 
tte  existing  draiM^  ditch  it  is  believed  that  little  seepage  jesses 
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■beyond  this  point,  and  that  most  of  it  emerges  between  the  berm  toe  and 
the  ditch.  Therefore  the  seepage  measured  at  Stovall  represents  most  of 
the  seepage  that  passed  beneath  the  levee  during  the  1950  flood. 

346.  Landside  substratum  pressures.  Hydrostatic  pressures  that 


developed  along  the  toe  of  the  seepage  berm  during  the  crest  of  the  I95O 
high  water  are  shown  on  plate  II3.  Readings  of  selected  piezometers  at 
or  near  the  landside  toe  of  the  berm  "xe  plotted  vs  corresponding  river 
stages  on  plates  ll4  and  II5,  which  also  show  estimated  substratum  pres- 
sxires  for  project  flood  stace.  The  h“iad  on  the  levee,  type  and  thickness 
of  top  stratum,  and  substratum  pressures  at  each  piezometer  along  the 
landside  toe  of  the  berm  are  given  in  table  15 . From  plates  IO9  and  110 
it  may  be  noted  that  changes  in  river  stage  were  rapidly  reflected  in 
readings  of  piezometers  landward  of  the  levee.  Prom  plates  ll4  and  115 
and  table  I5,  it  appears  that  uplift  pressures  sufficient  to  cause  active 
sand  boils  will  develop  along  the  toe  of  the  present  seepage  berm  between 
sta  77/20  and  78/8  at  flood  stages  higher  than  about  I5  to  20  ft  on  the 
levee.  Downstream  from  sta  78/8,  critical  uplift  pressures  probably  will 
not  develop  until  H is  higher  than  about  22  ft,  as  the  top  stratum  is 
generally  thicker  than  that  upstream  (plates  103  and  IO7).  Sand  boils 
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and  medium  to  heavy  unaerseepage  wers;  observed  between  sta  77/25  and  78/3O 
in  1950  with  an  H of  about  15  ft.  This  stage  created  excess  heads 
along  the  toe  of  the  levee  of  6 to  9 ft,  or  hO  to  6%  H . In  areas  of 
sand  boils,  i ranged  from  about  0.62  to  0.73»  As  the  project  flood 
stage  will  create  an  H of  about  30  ft,  considerably  heavier  seepage 
and  more  numerv^us  and  active  sand  boils  can  be  e3q>ected  at  the  Stovall 
site  than  occurred  in  1950. 

347.  The  irregular  top  stratum  and  shallow  landside  ditch  affect 
the  seepage  pattern  upstream  of  sta  78/8*  The  boils  that  developed  in 
1937  and  1950  generally  occurred  in  the  thin,  intervening  ridges  between 
the  thick  swales  and  sloughs  in  this  reach.  Downstream  from  sta  78/8 
the  area  for  800  ft  landward  of  the  levee  appears  to  have  a relatively 
thick  top  stratm  (a  clay-filled  slough),  and  a considerable  amount  of 
clay  blanket  remains  in  the  riverside  borrow  pits.  No  sand  boils  were 
observed  downstream  of  sta  78/8  during  the  1950  high  water. 

Evaluation  of  seepage  problem  and 
reconanendations  for  control  measures 

348.  An  H of  12  to  15  ft  caused  the  formation  of  rather  high  up- 
lift pressures  and  sand  boils  along  the  berm  toe  at  Stovall  during  the 
1950  high  water.  The  seepage  berm  constructed  in  1938  has  forced  the 
location  of  sand  boils  landward  from  the  levee  toe  but  has  not  eliminated 
the  possibility  of  sand  boils  occurring  which  would  result  in  a potentially 
critical  situation.  At  line  A and  between  sta  78/0  and  'JQ/'XO  the  berm 
possibly  has  potentially  increased  the  severity  of  the  underseepage  prob- 
lem, because  it  has  reduced  the  area,  between  the  levee  and  the  landward 
clay-filled  sloughs  and  swales,  in  v^hich  seepage  can  emerge.  Since  H 
will  be  about  30  ft  at  the  crest  of  the  project  flood,  it  is  believed 

that  a critical  underseepage  condition  still  exists.  An  important  factoi 
in  this  evaluation  is  that  the  top  stratum  is  highly  irregular  and  com- 
posed 01  ridges  and  swales  inclined  with  respect  to  the  levee  in  such  a 
manner  that  concentrations  of  seepage  can  be  expected  near  the  edges  of 
the  swales.  The  proximity  of  the  drainage  ditch  between  sta  77/26  and 
73/0  also  aggravates  the  seepage  condition.  Because  of  the  close  source 
of  seepage  in  the  sandy  riverside  borrow  pits  and  the  hi^  seepage-carrying 
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capacity  of  the  pervious  found «.t ion,  considerable  seepage  and  numerous 
sand  boils  can  be  expected  between  sta  77/20  and  78/8  when  H is  higher 
than  12  ft.  In  view  of  this,  it  is  considered  necessary  that  additional 
seepage  control  measures  be  provided  at  the  Stovall  site.  Such  measures 
could  consist  of  seepage  berms  or  relief  wells.  Relief  wells  probably 
would  be  more  desirable  because  of  the  highly  irregular  nature  of  the 
landside  top  stratum,  and  because  wells  can  be  located  at  critic6il  points 
in  the  top  stratum,  whereas  a berm  extending  an  additional  15O  to  2C0  ft 
landward  would  raise  the  hydrostatic  pressures  beneath  the  levee  and  berm. 

349.  The  existing  seepage  berm  has  approximately  adequate  thick- 
ness for  its  width;  however,  if  the  berm  is  widened,  its  thickness  should 


be  increased  somewhat. 


Farrell,  Mississippi 


350.  Farrell  was  selected  as  one  of  the  original  sites  for  inves- 
tigation because  of  its  record  during  the  3937  high  water.  It  was  se- 
lected subsequently  for  installation  of  piezometers  because  of  data 
available  from  previous  investigations  at  the  site,  and  because  it  af- 
forded an  opportunity  for  studying  the  effect  of  riverside  borrow  pits 
on  seepage  and  substratum  pressures,  as  the  river  is  a considerable  dis- 
tance from  the  levee  at  this  site. 

Description  of  site 

351*  The  site  is  located  along  the  east  bank  levee  of  the  Missis- 
sippi River  aj;proximately  3 miles  west  of  Farrell,  Miss.  The  reach  of 
levee  studied  is  that  between  sta  81/ 10  and  82/20  where  the  levee  is  ap- 
proximately one  mile  from  the  bend  of  Island  63,  a chute  of  the  Missis- 
sippi River. 

352.  Plans  of  site,  river,  borrow  pits,  surface  geology,  topography, 
and  piezometers  are  shown  on  plates  II7  and  118;  plate  II9  is  an  aerial 
mosaic  of  the  site.  Riverside  borrow  pits  5 to  10  ft  deep  and  8C0  to 
ICGO  ft  wide  exist  along  the  site.  The  natural  top  stratum  of  clay  and 
silt  has  been  materially  decreased  in  these  pits  by  borrow  operations  and 
the  pervious  foundation  sands  have  been  exposed  at  some  locations.  The 
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levee  at  Farrell  has  a net  height  of  approximertely  24.5  ft.  River  stages 
can  he  estimated  from  the  Helena,  Ark.,  gage  on  the  Mississippi  River  and 
the  graph  on  plate  ll6. 

353*  History  of  underseepage.  Heavy  underseepage  and  sand  boils 
occurred  between  sta  8l/2  and  83/2  during  the  I937  high  water  (maximum 

H = 23  ft) . The  levee  banquette  also  settled  between  sta  8l/4l  and  8l/43.  j 

At  least  12  sand  boils,  which  discharged  considerable  sand,  were  noted 

within  100  ft  of  the  portion  of  banquette  that  settled;  locations  of  these  i 

ssmd  boils  are  shown  on  plate  118.  In  1938  a large  landside  berm  about  j 

f 

10  ft  thick  at  the  levee  toe  and  ft  wide  was  constructed.  The  loca-  ] 

tion  and  extent  of  the  berm  are  shown  on  plates  II7  and  II8;  typical  sec-  1 

tions  are  shown  on  plate  120.  j 

354.  During  the  I95O  high  water  (maximum  H = 7 ft),  only  light  | 

I 

seepage  occurred  between  sta  81/IO  and  8l/42;  however,  several  pin  boils  | 

occurred  in  a drainage  ditch  approximately  ICO  ft  landward  of  the  berm  s 

between  sta  81/16  and  81/I7.  Seepage  between  the  berm  toe  and  the  drainage  j 

ditch  was  estimated  at  about  5 to  30  gpm  per  100-ft  levee  station  from  I 

sta  81/10  to  81/30.  Seepage  water  covered  the  low-lying  ground  from  sta  I 

81/30  to  82/10  to  a depth  of  6 to  12  in.;  however,  no  sand  boils  were  ob-  | 

served  along  this  reach.  It  is  to  be  noted  that  the  head  on  the  levee  | 

during  the  1950  high  water  was  very  low  compared  to  that  during  the  1937  ! 

high  water.  I 

355*  Piezometer  installation.  In  1948  a line  of  piezometers  was 
installed  approximately  perpendicular  to  the  Itvce  at  sta  8l/24  (line  A)  | 

and  several  piezometers  were  placed  along  the  toe  of  the  present  seepage  I 

berm  from  sta  8I/15  82/5  (line  C).  Ti.e  tips  of  the  piezometers  in  ’ j 

line  A were  set  immediately  below  the  top  stratum  and  also  below  a thin  j 

seam  of  clay  underlying  the  area  immediately  landward  of  the  levee  at  a [ 

depth  of  about  25  ft  (plate  120).  Two  line  A piezometers  were  installed 
riverward  of  the  levee  in  the  riverside  borrow  pits.  Piezometer  readings 
were  obtained  during  the  1950  high  water. 

Geology  of  site  and  soil  conditions 

350*  The  general  surface  geology  is  depicted  on  plates  II7  ard 
118.  Plate  117  shows  the  location  of  former  river  courses,  swales,  and 
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natural  levee  deposits  'blanketing  the  area.  A more  detailed  picture  of 
the  character  and  thickness  of  the  top  stratvun,  and  the  location  of  under- 
seepage with  respect  to  geological  features  are  shown  on  plate  ll8. 

357*  The  site  is  located  mainly  on  point  bar  deposits  laid  down 
as  the  river  gradually  enlarged  a meander  loop  during  river  courses  13 
to  15.  A broad  chute  which  linked  the  two  aims  of  the  meander  loop  de- 
veloped during  course  I5.  Later,  course  15  was  cut  off  from  the  main 
channel  of  the  river.  The  old  channel  and  chute  subsequently  were  filled 
with  silts  and  clays,  which  encircle  the  Farrell  site  on  three  sides.  An 
exceptionally  broad  swale,  which  branches  into  four  smaller  units,  crosses 
the  levee  at  an  angle  of  approximately  90  degrees.  Three  rather  large 
swales,  25  to  30  ft  deep  and  filled  with  alternating  strata  of  clays, 
silts,  and  sands,  cross  the  levee  between  sta  81/28  and  82/I.  The  top 
stratum  immediately  landward  of  the  levee  is  extremely  variable  in  thick- 
ness and  types  of  material  (plates  U8  and  121).  The  top  stratum  from 
sta  81/10  to  81/28  consists  of  clays  and  silts  2 to  5 f'fc  thick.  The  top 
stratum  between  the  two  upstream  swales  consists  of  clays  and  clay  silts 
approximately  8 to  I5  ft  thick;  between  the  two  downstream  swales  the  top 
stratum  consists  of  silty  sands  approximately  7 to  10  ft  thick.  Down- 
stream of  sta  81/1  the  top  stratum  is  composed  of  an  upper,  very  thin 
stratum  of  clay  1 to  3 ft  thick  underlain  by  sand  and  silty  sand  to  a 
depth  of  approximately  l4  ft.  Natural  levee  deposits  of  the  same  general 
composition  as  the  underlying  fine-grained  top  stratum  appear  to  cover 
much  of  the  area. 

358*  delation  of  underseepage  to  geology.  Although  the  river  is 
approximately  one  mile  from  the  levee,  heavy  underseepage  and  sand  boils 
occurred  along  this  reach  of  levee,  owing  to  the  deep  riverside  borrow 
pits,  the  very  thin  top  stratum  in  many  places,  and  the  hi^  head  exist- 
ing during  the  1937  high  water.  The  worst  sand  boils  occurred  in  a small 
area  between  two  broad,  clay-filled  swales  where  the  top  stratm  was  thin 
and  seepage  from  the  deep  underlying  pervious  substratum  was  forced  to 
concentrate.  It  was  in  this  area  that  there  was  apparently  sufficient 
piping  to  cause  the  levee  banquette  to  settle.  The  effect  of  the  cteep 
clay-and-silt-filled  chute  bordering  the  site  on  the  southeast  is  difficult 
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to  assess,  tut  this  chute  may  aggravate  the  problem  by  preventing  the 
emergence  of  subsurface  seepage.  Although  the  seepage  berm  constructed 
in  1938  has  covered  the  location  of  most  of  the  1937  sand  boils,  the  same 
basic  conditions  remain  that  tend  to  cause  under seepage  and  sand  boils, 
except  for  whatever  reduction  in  severity  is  obtained  from  an  increase 
of  200  ft  in  seepage  path  length.  Of  course,  the  seepage  berm  has  moved 
the  point  of  potential  boils  farther  landward  of  the  levee  toe.  Bie  in- 
fluence of  discontinuities  in  thickness  and  composition  of  the  top  stratum 
on  localization  of  sand  boils  and-underseepage  is  well  illustrated  at 
this  site. 

359*  Soil  profiles  and  piezometer  lines.  Soil  profiles  at  piezom- 
eter lines  A and  C are  shown  on  plates  120  and  121,  respectively.  Soil 
profiles  along  sections  B,  D,  and  E are  shown  on  plates  120-122,  Logs  of 
miscellaneous  borings  made  in  the  borrow  pits  are  included  on  plate  120. 

A deep  boring,  F-1,  to  Tertiary  at  the  toe  of  the  present  seepage  berm 
at  sta  8l/4l  shows  a pervious  sand  stratum  with  a thickness  of  about  70 
ft.  Other  deep  borings  in  the  area  show  that  this  sand  stratum  underlies 
the  entire  area.  This  sand  stratum  is  typical  of  the  pervious  alluvium, 
and  consists  of  alternating  strata  of  seinds  grading  from  fine  to  coarse 
with  some  gravel  at  depth, 

360.  Piezometer  line  A was  located  perpendicular  to  the  levee 
about  600  ft  upstream  of  the  point  where  one  of  the  broad  clay-filled 
swales  crosses  under  the  levee  and  in  an  area  where  the  landgide  top 
stratum  is  rather  thin.  The  riverside  top  stratum  has  been  removed  down 
to  the  sand  foundation  as  a result  of  borrow  operations.  As  may  be  seen 
from  plates  II8  and  120,  piezometer  line  A extends  from  the  riverside 
edge  of  the  borrow  pit  to  a point  approximately  15CO  ft  landward  of  the 
levee  center  line.  During  installation  of  the  piezometers  along  this 
line,  a thin  seam  of  clay  1 to  2 ft  thick  was  encountered  at  approximately 
25 -ft  depth.  In  view  of  this  unanticipated  stratum  it  was  decided  to 
place  the  tips  of  most  of  the  piezometers  immediately  below  it,  as  shown 
on  plate  IS).  However,  the  tips  of  piezometer  B-6  and  those  along  the 
berm  toe  were  placed  imnediately  beneath  the  top  stratum,  as  shown  on 
plate  121.  Subsequent  to  the  195O  high  water  another  piezometer,  B-6-A, 


was  installed  on  line  A inmediately  beneath  the  thin  clay  top  stratum 
about  100  ft  land^raird  of  the  seepage  berm  toe  (plate  120).  Before 
another  major  hi^  water  occurs,  shallow  piezometers  shovild  be  installed 
along  the  toe  of  the  seepage  berm  at  the  following  critical  points:  sta 

81/29,  8l/40,  and  82/12+5O 

Analysis  of  piezometric 
and  seepage  data  

361.  River  stages  and  piezometer  readings  observed  at  the  Farrell 
site  during  the  1950  high  water  are  plotted  on  plate  123 . At  the  crest 
of  this  high  water  the  maximum  H was  as  high  as  11  ft  and  averaged 
about  7 ft  for  the  site.  Piezometric  gradients  in  the  pervious  substratum 
beneath  the  levee  at  piezometer  lines  A and  C are  shown  on  plates  124  and 
125,  respectively.  Excess  heads  of  2 to  7 ft  developed  at  the  toe  of  the 
landside  berm  between  sta  81/2O  and  82/3.  The  shallow  piezometer  beneath 
the  thin  surface  top  stratum  at  line  A indicated  only  about  1 ft  of  ex- 
cess head.  The  head  beneath  the  thin  clay  seam  at  about  el  142  was  ap- 
proximately 2.5  ft  higher  than  that  beneath  the  upper  top  stratum  at  the 
berm  toe.  The  hydrostatic  grade  line  at  line  A was  relatively  flat  land- 
ward of  the  levee,  and  excess  pressures  beneath  the  deep  clay  seam  were 
recorded  as  far  as  1000  ft  landward  of  the  berm  toe. 

362.  The  analyses  of  piezometric  and  seepage  data  reported  herein 
pertain  primarily  to  conditions  at  piezometer  line  A which,  because  of 

I 

the  presence  of  a deep  clay  seam,  may  not  be  typical  of  conditions  at  the 
Farrell  site.  As  only  one  piezometer  line  was  installed  perpendicular 
to  the  levee  at  this  site,  values  of  s , , and  downstream 

from  sta  8I/3O  could  not  be  determined.  However,  values  required  to  de- 
sign seepage  control  measures  downstream  from  sta  81/3O  have  been  esti- 
mated and  are  given  in  table  16. 

363.  A summary  of  information  pertaining  to  the  site  and  results 
of  analyses  of  piezometric  and  seepage  data  are  given  in  table  I6.  As  a 
result  of  the  apparent  continuity  of  the  clay  seam  at  el  142  in  a direc- 
tion perpendicular  to  the  levee,  it  was  necessary  to  evaluate  seepage 
flow  in  the  sand  strata  above  and  below  the  clay  seam.  In  table  16,  the 
sand  above  the  clay  seam  is  classified  as  the  "upper  aquifer,"  and 
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the  sand  stratum  below  the  clay  seam  eis  the  "lower  aquifer." 

364.  Source  of  seepage.  Values  of  s were  determined  at  piezom- 
eter line  A for  both  the  upper  and  lower  aquifers,  and  are  plotted  in 
fig.  35*  These  values  were  necessarily  based  in  part  on  piezometer  B-4, 
which  has  its  tip  at  about  the  elevation  of  the  clay  seam.  As  the  head 
recorded  at  piezometer  B-6  was  less  than  that  at  B-7,  the  values  of  s 
obtained  for  the  upper  aquifer  are  less  than  those  for  the  lower  aquifer. 
Had  a piezometer  been  installed  itonediately  beneath  the  top  stratum  at 
the  same  location  as  piezometer  B-4,  it  probably  would  have  indicated  a 
lower  head  than  that  recorded  by  B-4,  and  s might  actually  be  the  sans 
for  both  aquifers.  In  view  of  this  uncertainty,  values  of  s are  given 
for  both  aquifers,  although  those  given  for  the  lower  aquifer  probably 
are  more  reliable.  At  the  crest  of  the  1950  high  water,  s was  58O  and 
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Fig.  35.  Distances  to  effective  seepage  source  and  exit. 

Farrell,  line  A 


860  ft  for  the  upper  and  lower  sand  aquifers, ' respectively.  It  is  es- 
timated that  s will  he  about  550  ft  for  the  upper  aquifer  at  project 
flood  stage  and  8C0  ft  for  the  lower  aquifer.  On  the  basis  of  these  values 
of  s it  appears  that  seepage  enters  the  sandy  substratum  primarily 
through  the  borrow  pits  where  most  of  the  natural  top  stratum  has  been 
removed.  Relatively  little  of  the  seepage  passing  beneath  the  Farrell 
levee  is  considered  to  originate  in  the  channel  of  bend  of  Island  63,  ap- 
proximately one  mile  from  the  site. 

365.  Seepage  exit.  Values  of  for  line  A are  plotted  vs  cor- 
responding river  stages  in  fig.  35  for  the  I95O  high  water  for  the  upper 
and  lower  sand  aquifers.  The  seepage  exit  for  the  upper  aquifer  was  only 
IhO  ft  from  the  berm  toe.  This  close  exit  is  attributed  to  the  very  thin 
top  stratum  near  the  berm  toe  and  beneath  the  landside  di’ainage  ditch. 

It  should  be  noted  that  x^  may  actually  be  slightly  greater  than  indi- 
cated, because  piezometer  B-4  was  used  to  evaluate  x^  in  the  absence  of 
a shallow  piezometer  (tip  inmediately  beneath  the  top  stratum)  beneath 
the  levee.  For  the  lower  aquifer,  x^  increased  rapidly  with  rising 
river  stages  to  a value  of  about  930  ft  nt  the  crest  of  the  1950  flood. 

This  increase  in  x^  is  attributed  to  increased  resistance  to  the  flow 
of  seepage  landward  for  filling  ground-water  storage  as  the  river  rose 
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atbve  'bankfull  stage.  The  larger  value  of  obtained  for  the  lower 
aquifer  is  attributed  to  the  lower  clay  strattun  along  line  A.  It  is  es- 
timated that  will  be  about  120  ft  for  the  upper  aquifer  at  the 
project  flood  and  about  IO5O  ft  for  the  lower  aquifer.  Little  change  in 
x^  is  anticipated  for  the  lower  aquifer  after  the  foundation  becon^s 
completely  saturated. 

366.  Thickness  and  permeability  of  substratum  sands.  The  pervious 
foundation  at  Farrell  generally  consists  of  alternating  strata  of  nsdium 
to  coarse  sand  with  strata  of  finer  sands  in  the  upper  portion  of  the  sand 
aquifer  (plates  120-122).  At  piezometer  line  A (sta  8l/24)  substratum 
sands  above  the  clay  seam  at  el  l42  are  medium-fine;  below  the  clay  seam, 
medium  emd  coarse  sands  are  present  (plate  121).  The  lower  aquifer  has 

an  effective  thickness  of  about  ^0  ft;  at  line  A the  upper  aquifer  has 
an  effective  thickness  of  about  20  ft.  Grain-size  curves  for  typical 
sanples  of  both  aquifers  are  shown  on  plate  U6.  Bie  permeability  of  the 
spbstratvim  was  estimated  from  Jaboratory  permeability  tests  on  remolded 
samples  of  sand  obtained  with  a bailer  (plates  120  and  121),  and  correla- 
tion of  kj  vs  ■>10  (fig.  17).  The  results  of  these  determinations  are 
summarized  in  table  I6.  A value  of  IGCO  x 10“^  cm  per  sec  was  selected 

for  k„  for  the  lower  aquifer.  The  permeability  of  the  upper  aquifer 
' ^ -4  \ 

(300  X 10  cm  per  sec)  was  based  primarily  on  the  correlation  given  in 
fig.  17,  as  the  laboratory  permeability  test  data  appeared  to  be  too  low. 

367.  Thickness  and  permeability  of  top  stratum.  The  top  strat\im 
along  the  berm  toe  at  Farrell  is  highly  irregular  as  a result  of  the 
various  swales  and  ridges  along  the  levee'.  At  piezonater  line  A,  z^j_ 

'■rais  taken  as  4 ft  for  the  top  stratum  above  the  upper  aquifer.  For  the 
lower  aquifer  z^j^  was  taken  as  6 ft,  the  total  thickness  of  clay  above 
the  lower  aquifer.  The  thickness  of  the  intervening  upper  sand  stratum 
was  not  considered  in  evaluating  z^j^  for  the  lower  aquifer,  as  the 
vertical  permeability  of  the  sand  was  believed  to  be  sufficiently  great 
as  congiared  to  that  of  the  two  clay  strata  to  have  practically  no  effect 
on  z^j^  . However,  in  evaluation  of  z^  for  the  lower  aquifer,  the 
thickness  of  the  upper  sand  stratum  was  included  because  it  acts  as  a 
surcharge  on  the  lower  clay  seam  in  resisting  uplift.  For  = 4 ft. 


was  found  to  be  1.2  x 10  cm  per  sec  at  line  A at  the  crest  of  the 
1950  high  water  (see  "upper  aquifer,"  table  16).  For  the  lower  aquifer, 
where  = 6 ft,  was  about  0.5  x 10  cm  per  sec.  !Ehe  lower 

permeability  of  the  combined  clay  stratum  for  "lower  aquifer," 

table  16)  is  attributed  to  the  effect  of  the  lower  clay  stratum,  which 
probably  is  not  as  fissured  as  the  surface  clay  stratum.  Based  on  the 
above  thicknesses  and  pemsabilities  *-)y,  vertical  permeability  of  the 
lower  clay  seam  itself  is  0.23  x 10“^  cm  per  sec.  (The  lonmuted  values 
of  kjjj^  for  the  top  stratum  above  the  lower  sand  aquifer  are  probably 
very  approximate,  as  the  continuity  of  the  lower  clay  seam  is  unknown.) 
Estimated  values  of  for  the  project  flood  are  given  in  table  16. 

368.  Permeability  ratio.  Values  of  2ine  A are  esti- 

mated to  have  been  2^5  and  20^0  for  the  upper  and  lower  aquifers,  respec- 
tively, at  the  1950  high  water  crest.  Estimates  of  k^  and  ^)L  at  the 
crest  of  the  project  flood  are  given  in  table  I6. 

369.  Seepage  flow.  Seepage  passing  beneath  the  levee  at  line  A 
at  the  crest  of  the  1950  high  water  was  estimated  to  be  about  8 and  38 
gpn  per  ICO  ft  of  levee  in  the  upper  ac-d  lower  aquifers,  respectively. 
These  values  correspond  to  values  of  Q /H  of  1.2  and  5*5  gpn  per  ft  H . 
In  the  vicinity  of  piezometer  line  A,  ia>st  of  the  seep>age  in  the  upper 
aquifer  was  probably  emerging  landward  of  the  levee,  whereas  the  emergence 
of  seepage  in  the  lower  aquifer  probably  was  not  detectable,  as  such 
seepage  was  very  likely  flowing  laterally  into  ground-water  storage  for 
the  river  stages  experienced.  Hie  respective  esticated  seepage  in  the 
upper  and  lower  aquifers  at  the  project  fl<X)d  is  32  and  134  gpa  per  ICX) 
ft  of  levee.  From  these  data  it  is  concluded  that  seepage  is  compara- 
tively light  in  the  vicinity  of  line  A at  the  Farrell  site. 

370*  The  continuity  of  the  clay  seam  found  at  line  A at  el  142 
along  the  levee  is  not  known,  although  it  appears  to  be  relatively  con- 
tinuous perpendicular  to  the  levee  as  shown  on  plate  124.  If  the  clay 
seam  is  not  continuous  between  sta  81/IO  find  8I/3O,  heavier  seepage  will 
generally  occur  in  this  reach  as  compared  to  that  in  the  vicinity  of 
line  A.  ikjwnstream  from  sta  81/3O,  Q,  may  also  be  greater  than  that 
at  line  A,  as  no  deep  clay  seam  is  present. 
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371»  laMside  substratua  pressures ♦ G3ie  h^brostatic  pressures 
vMch  developed  along  the  toe  of  the  hem  (line  C)  near  the  crest  of  the 
1950  flood  are  shown  on  plate  125.  Readings  of  selected  piezometers  at 
the  henn  toe  vs  river  stages  are  plotted  on  plate  1^;  a3Lso  shown  are 
the  estiEsted  sxibstratua  pressures  for  the  project  flood  aiai  the  cosputed 
EsxiEiua  piezoB^ter  readings  based  on  i^  = 0.85.  Bie  head  on  -Uie  levee, 
top  stratun  charecteristics,  substratum  pressures,  aM  gradients  through 
the  top  stratum  at  certain  typical  piezometers  aloz3g  the  laisiside  toe  of 
the  bens  are  given  in  table  17. 

372.  Frcto  plate  123,  1"^  can  be  seen  that  two  shallow  piezometers 
(A-1  and  B-6)  lagged  considerably  behiM  the  river  during  the  initial 
rise  in  river  stage.  &ad  above  the  greurai  surface  did  not  develop  at 
these  piezometers  imtil  about  18  days  after  the  river  reached  overbank 
stages.  Ihe  data  shown  on  plate  12o  aiKi  in  table  17  indicate  that  uplift 
pressures  in  the  upper  aquifer  sufficient  to  cause  sai^  boils  will  develop 
along  the  bem  toe  between  sta  8l/l2  aiKi  81/3O  at  H higher  than  9 to  10 
ft.  The  norsccurrence  of  large  sbldo.  boils  in  this  reach  during  the  1950 
high  water  is  attributed  to  the  low  head  on  the  levee  (H  - 7 ft).  The 
uplift  pressures  that  developed  beneath  the  surface  top  stratum  in  1950 
varied  from  about  I.3  to  2.7  ft  between  sta  8l/l2  and  81/3O,  wixh  the 
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hitter  beads  being  those  referred  to  tne  vater  in  the  landsito  draimge 
ditdi.  Upward  gradients  of  sibout  0.3  to  0.9  occurred  in  this  reat^, 
excess  l^ad  bexsath  the  clay  seaa  at  el  142  was  sibout  6 ft,  corre^^nd- 
ing  to  about  H . 

373*  Downstreaa  froa  sta  Q\/3P,  the  estisated  river  teigbt  required 


to  caxise  saM  boHs,  assuming  i^  = O.85,  is  about  l4  ft  (ctagsared  with 


H = 26  ft  at  tte  project  flood).  Although  H = 10  ft  at  the  crest  of  tte 
1950  flood,  seepage  was  cocr^ratively  li^t.  Excess  l^ads  of  2 to  7 ft 
were  recorded  in  this  reach  and  correspoi^  to  toward  gradients  of  about 
0.2  to  0.6.  higher  gradients  occurred  bei^th  the  bottcs  of  tte  lai^- 
side  drainage  ditch. 


Evaluation  of  seepa^  problea  and 
recomendations  for  control  s^astires 


374.  An  H of  7 to  11  ft  daring  Hxe  1950  high  water  did  iK>t  cause 
any  significant  sand  boils.  Only  ^diuzs  to  light  seetsge  was  noted.  How- 
ever, frt^  analysis  of  soil  and  piezcecetric  data,  it  appears  that  uplift 
pressures  sufficient  to  cause  sard  boils  nay  occur  along  scaae  reaches  of 
the  levee  when  H is  higher  than  10  to  I5  ft.  H during  the  I950  high 
water  was  low  cccpared  to  tiat  in  I937  when  serious  seepage  occurred. 

Ihe  landside  seepage  bem  constructed  since  1937  ik>  doubt  has  inrproved 
the  safety  of  the  levee  aid  has  forced  the  point  of  possible  subsurface 
piping  farther  away  fren  the  leree.  Hcr^ver,  even  with  the  tern  in  place, 
active  sand  boils  can  probably  be  expected  laidward  of  tte  berta,  ^rtic- 
ularly  between  swales,  aL  hi^  river  stages. 

375-  Because  of  the  conparatively  tdin  top  stratun  upstreaia  be- 
tween sta  81/10  aid  81/30,  heavy  seepage  can  be  expected  along  this  reach 
of  levee  imless  the  clay  seam  at  el  l42  (at  piezareter  line  A)  is  con- 
tinuous along  tne  reach.  At  hi^  river  stages,  concentration  of  seepage 
c^  be  ejqpected  along  the  edg2s  of  the  swales  downstream  of  sta  6I/3O- 

376.  In  view  of  the  above  eaid  because  excavations  in  riverside 
borrow  pits  along  a partion  of  the  site  have  ejposed  the  foundation  saids 
resulting  in  a very  close  source  of  seepage,  additional  seepage  control 
measures  are  considered  necessary.  Measures  reconr^nded  Mre  an  extension 
of  the  berm  between  sta  81/IO  and  8I/3O  and  a line  of  relief  wells  along 
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the  toe  of  present  seepage  berm  downstream  from  sta  8l/^. 

"Sn*  Eje  estimated  hydraulic  giadient  at  the  project  flood  indi- 
cates ttat  in  low^r  aquifer  considerable  head  may  be  expected  above 
Idle  berm.  !lMs  condition  is  not  considered  critical  if  the  clay  stratum 
at  el  142  is  continuous.  However,  tie  contiimity  of  this  clay  stratum  is 
questioi^le  and  ttere  probably  are  reaches  of  top  stratvaa  between  sta 
81/rD  aM  81/^  wi^re  such  a clay  seam  does  not  exist.  In  such  reaches 
ti^  present  berm  would  have  sufficient  thicki^ss  but  probably  insuffi- 
cient width  for  adeijuat?  seepage  control.  Downstream  from  sta  3l/^  the 
berm  ap^ars  to  be  sufficiently  thick  btrt  may  not  be  sufficiently  wide 
in  certain  reaci^s. 

378.  Before  aiy  additional  control  measures  between  sta  81/IO  arai 
81/^  are  desigi^,  some  acditional  deej^r  borings  shoxild  be  ssade  along 
•the  berm  toe  -to  detemii^  the  contiimity  of  the  day  seam  at  el  l42  along 
■the  levee.  Bie  existence,  or  lack  tlsreof,  uf  this  seam  would  have  con- 
siderable effect  on  the  design  of  additional  con'tarol  measures. 

Iftaper  Francis,  1-lississippi 


379.  Upper  Francis  was  selected  as  a site  for  study  as  being 
representative  of  a relatively  uniform,  thick  de^sit  of  clay  over  a 
brtsad  area  wliere  no  serious  seepage  had  occurred  during  the  1937  hi^ 
water  and  riverside  borrow  pi-ts  ^ rmt  ^r^trate  "to  the  underlying  ]^r- 
vi<ms  substralxia.  Also  this  site  provided  an  ot^rbinity  to  obtain  pi- 
ezosetric  data  beneath  an  old  channel  filling  where  it  was  -Uiought  that 
■the  effect  of  differing  geological  fea-taires  at  the  edges  of  the  ehani»l 
fillings  would  not  be  significant  (plate  127). 

Description  of  site 

^).  Ihe  si"te  is  located  along  the  east  bank  levee  of  the  Hissis- 
si^i  River  approxisately  3 niles  west  of  liississippi  State  Hi^way  1 
where  the  county  line  between  Coahoma  and  Boli'var  Counties  crosses  the 
levee.  Ihe  levee  is  approximately  one  to  two  miles  fiem  the  Mississippi 
River.  Plans  of  the  site,  river,  borrow  pits,  sublevee  basin,  surface 
geology,  t<^graphy,  and  piezcxis'ters  arc  shown  on  plates  127  128| 


plate  IS.  an  aerial  mosaic  of  the  site. 

381..  At  the  Upper  Francis  site  the  ieyee  crosses  a former  course 
of  the  itLSsihsippi  which  is  now  filled  with'  a rather  thick  deposit  of 
clay.  Although  rather  deep  and  wide  borrow  iplts  have  been  excavated 
riverward.  of  the  levee,  they  do  not  pehetr^  to  the  underlying  pervious 
foundation.  A generalized  soil  profile  perin,_idiciilar  to  the  levee  at  tbe 
site  is  .sho^  on  plate  I30.  The  levee  has,  a net  height  of  approximately 
25  ft.  An 'approximate  relation  between  river  stages  at  Upper  Francis 
and  the  HeKna,  Ark. , gage  as  determihed  fr^  previous  high  waters  is 
shown  bh  plate  l^lO. 

382.  'History  of  underseepage.  Although  a m^imum  H of  18.5  to: 
20.5  ft  developed  during  the  1937  high  water,  ho  seepage  of  any  consequence 
was  reported.  H was  about  11  ft  during  the  19^5  high  water;  and  although 
seepage  was  observed  for  a distance  about  500  ft  landward  of  the  levee, 

no  boils  were  noted.  In  19**8  a large  landside  seepage  berm  about  10  ft 
thick  at  the  toe  of  the  levee  and  200  ft  wide  was  constructed.  The  loca- 
tion and  extent  of  the  berm  are  shown  on  plates  127  and  128  and  typical 
sections  are  shown  on  plates  131  and  132. 

383.  Some  very  light  seepage  was  observed  in  the  area  landward  of 
the  levee  during  the  1950  high  water  (plate  128)  when  H was  approxi- 
mately 8 to  10  ft.  The  seepage  was  so  light  that  it  could  not  be  measured. 

384.  Piezometer  installation.  In  1948  two  lines  of  piezometers, 

B and  C,  were  installed  perpendicular  to  the  levee  at  sta  39+00  and  57+CQ, 
respectively.  One  piezometer,  B-1,  was  installed  in  the  riverside  borrow 
pits;  another,  A-1  (line  G),  was  installed  at  the  toe  of  the  seepage  berm 
at  sta  30+00.  The  tips  of  most  of  the  piezometers  were  installed  imme- 
diately below  the  clay  top  stratvim  except  for  piezometer  C-6  which  was 
installed  at  a depth  of  approximately  20  ft  below  the  top  of  the  sand 
substratum.  Piezometer  readings  were  obtained  during  the  high  water  of 

1950. 

Geology  of  site  and  soil  conditions 

385.  The  general  surface  geology  is  shown  on  plates  127  and  128. 
Plate  127  shows  the  location  of  former  river  courses,  swales,  and  natural 
levee  deposits  which  blanket  the  area.  The  character  and  thickness  of 


stratxm  in  the  i^g^ate  vicinity  of  We  .site  are  shown  ih  imore 
detail  on  plate  128i 

386.  The  site  is-  Ipcated  mainly  on  thick  clays  and  silts  deposited 
in.  a .cutoff  channel  of  foiror  Mississippi  River  covirse  11  (see  plates, 
in  land  131)  • In  consequence,  the  top  stratum.  is=  predominantly  clayey. 
The  f idJihg  in  the  old  channel  consists  of  c^ys.  10  to  20  ft  thick  t^er- 
laini!^  silts,  sandy  siltsi.jeind  silty  sands  3 Wi.20  ft  thick  (plate  33l?)« 
Ihe-.gea  ."beneath  the  levee  |hd  immediately  landrard  is  covered  with 
•hatj^^  levee  deposits  of  clay  silts  and  sandy  .silts  2 to  7 ft  thick 
((pia^s  132  and  IS**-)'.  ®§||  natural  levee  deppfits  extend  from  the  put- 

■side-ipf  the  hend  of  course' I5  to  about  15(^  ft  landward  of  the  levee. 

387^  Relationvof  tthdef seepage  to  geologyi,  The  top  stratum  at  this 
site-  is  of  such  character  !^d  thickness  that  no- .underseepage  of  conse-- 
■queh^'  has  developed  for  the  river  stages  created  by  the  1937  and  195P 
hi^  waters.  The  lack  of  a.  ready  entry  for  seepage  into  the  pervious 
substratum  on  the  riverside  .was  no  doubt  an  inpPrtant  factor  in  prevent- 
ing underseepage  and  the  formation  of  sand  boils  at  certain  weak  points 
in  t^  top  stratum.  The  only  seepage  actually  observed  rising  to  the 
surfa^  landward  of  the  lei ^2  at  this  site  was  at  the  intersection  of 
piez^eter  line  B euid  a dirt  road  approximately  I5OO  ft  landward  of  the 
see^ge  berm  where  there  was  an  excess  head  of  approximately  5 above 
the  ^pund  surface  at  the  crest  of  the  1950  high  water. 

388.  Some  minor  seepage  probably  occurs  as  a result  of  percolation 
through  the  natural  levee  deposits  of  sandy  silt  that  3.ie  immediately 
beneath  the  base  of  the  levee. 

389.  Soil  profiles  and  piezometer  lines.  Soil  profiles  at  piezom- 
eter lines  B and  C perpeniLcular  to  the  levee,  and  line  F parallel  to  the 
toe  of  the  seepage  berm,  are  shown  on  plates  131,  132,  and  134,  respec- 
tively. Soil  profiles  along  sections  A,  E,  G,  H>  and  I are  shown  on 
plates  132  and  133*  Deep-borings  to  Tertiary  along  the  toe  of  the  levee 
show  a pervious  sand  stratum  about  l40  ft  thick.  Other  deep  borings  shoif 
this  stratum  to  underlie  the  entire  area.  The  pervious  substratum  con- 
sists of  an  upper  zone  of  relatively  fine  sands  approximately  20  ft  thick 
underlain  by  medium  to  coarse  sands  with  some  gravel;  some  strata  of  fine 
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sands. lixlst  throu^gut.  the  more  jefiftous  and  co^ser  sands  Emdjjgravel. 

As  seen  fromi^^  grain  size  permeahiat^ies  of  the  deep  sands, 

the  pe^ious  aguifer -at  Upper  Franc^  has  a veiy  *hi^  seepage-carrying 
capacity 

Anal^isi  of  piezomet? 
riciiahdbseeT»ge  data, 

3^*  River  sl^es  and  piezometer  readings  observed  at  the  Upper 
Frances  isite  during;  the  I950  hi^  ^^er  are  plotted  on  plates;  235  anl  136. 
Attte:lM^est  of  th^vt^gh  water>  >H*  was  about.  8»to  10  ft.  Ftezometric 
gradients  existing  i&  perViohsusubstratum  beneath  the  levee  along  pi- 
ezometer lines  B andUC  at  selected- river  stages  are  shown  on  ptote  137* 

The  hypostatic  head  ;along  the  toe  of  the  levee  as  measured  by  piezometers 
along,  pne  G is  also- .plotted  on  plate  137. 

391*  The  excess  hydrostatic  heeid  aXong  the  toe  of  the  seepage  berm 
ranged  ^rom  about  I.5  to  6 ft  at  the  crest  of  the  195O  high  water.  Ex- 
cess heads  as  high  as  4 ft  above  the  ground  surface  existed  as  far  as 
3000  ft  landward  of  the  levee  at  piezometer  line  B (see  plate  137) • These 
excess  -heads  are  based  on  piezometers  installed  immediately  beneath  the 
clay  -fep  stratum  at  this  site.. 

392.  A summary  of  information  pertaining  to  the  site  and  the  re- 
sults of  emalysis  of  piezometric  and  seepage  data  subsequently  discussed 
are  given  in  table  I8. 

393*  Source  of  seepage.  The  only  free  entry  for  seepage  into  the 
pervious  foundation  at  the  site  is  in  the  channel  of  the  Mississippi  River 
some  one  or  two  miles  distant.  The  only  other  source  of  seepage  is  through 
the  natural  top  blanket  of  silts  and  silty  sands  riverward  of  Parker  Bayou 
(see  plate  127). 

394.  Values  Of  s at  piezometer  lines  B and  C during  the  I95O  high 
water  are  plotted  in  fig.  36.  The  values  of  s shown  in  fig.  36  and  on 
plate  137  indicate  that  seepage  enters  the  sand,  substratum  primarily 
throu^  the  silty  sand  top  stratum  that  exists  riverward  of  Parker  Bayou 
(see  plates  128  and  I3I).  At  piezometer  lines  B and  C s was  about  1500 
and  1700  ft,  respectively,  at  the  crest  of  the  1950  high  water  (fig.  36 
and  table  I8).  It  may  be  seen  from  fig.  36  that  s changed  relatively 
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Fig.  36.  Distances  to  effective  seepage  source  aM  exit 
Upper  Francis,  lines  B and  C 
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little  as.  the  river  rose.  Little  ch^ge  in  the  distance  to  the  effective 
source  of  seepage  entry  with  rising  xiver  stages  would  he  exj^cted  at 
this  site  ihecause  seepage  enters  the  ipervious  foundation  prinsariiy  throu^ 
the  natiiml  top  stratum,  riverward  of  the  levee.  Ifce  bottoms  of  borrow 
pits  along  the  Upper  Francis  site  are  blanketed  by  rather  thick  clay. 

For  these  reasons  it  was  assumed  that  s would  be  approximately  the  same 
for  the  project  flood  stage  as  the  value  measured  at  the  crest  of  the 
1950  high'  water. 

395*  Seepage  exit.  Values  of  x^  are  plotted  vs  corre^ondirg 
river  stages  in  fig.  36  for  the  I95O  'high  water.  Bie  slope  of  tte  ground 
surface  away  from  the  berm  toe  makes  a correct  determination  of  dif- 
ficult. Assuming  average  ground  and  tailwater  elevations  as  shown  in  the 
lower  left-hand  corner  of  fig.  36,  x^  appears  to  increase  progressively 
during  rising  river  stages  for  the  heads  experienced  (8  to  10  ft).  The 
shape  of  the  x^  curves  extrapolated  from  the  observed  data  to  the 
project  flood  stage  is  based  on  observed  data  and  the  maximum  confuted 
hydrostatic  head  that  can  exist  landward  of  the  levee  at  a project  flood 
stage.  The  above  phenomenon  of  an  increasing  x^  followed  by  a decrease 
is  similar  to  that  at  line  E,  Trotters  51» 

396.  The  distance  to  the  effective  seepage  exit  at  lines  B and  C 
at  the  crest  of  the  1950  high  water  was  about  15CO  ft.  At  project  flood 
stage  x.^  may  increase  to  2000  ft  for  line  B and  will  probably  remain 
about  15^  ft  for  line  C.  The  greater  predicted  distance  for  line  B is 
ba.'ed  on  the  fact  that  the  thickness  of  the  top  stratum  along  line  B 
shout  18  ft,  whereas  it  is  only  12  to  I5  ft  at  line  C. 

397*  Thickness  and  permeability  of  substratum  sands.  The  pervious 
substratum  at  Upper  Francis  consists  of  a deep  stratum  of  pervious  sand 
vd-th  some  gravel  having  an  effective  thickness  of  about  125  ft.  The 
gradations  of  typical  foundation  sands  at  the  site  are  plotted  on  plate 
140. 

398.  The  permeability  of  the  pervious  substratum  was  estimated  from 
laboratory  permeability  tests  and  correlation  of  D^q  vs  as  shown  by 

fig.  17«  Thsse  estiffijites  are  given  in  table  I8.  A value  of  k_  = l400  x 

-4  ^ 

10  cm  per  sec  w-s  selected  as  being  the  hest  estimate  of  at  the  site. 


3^.  !ghlckr^ss  and  periceability  of  top  stratum.  OKe  top  strata 
of  the  levee  at  this  site  consists  essentially  of  a continuous 
clay  toyer  approximately  10  to  20  ft  thick  overlain  hy  natural  levee  de- 
posits of  sandy  silt  2 to  7 ft  thick  for  a distance  of  approxinately  ICC^ 
■ft  l^dward  of  the  seepage  herm  toe.  !Ihe  effective  tMckness  of  top 
strat^rused  in  the  seepage  analyses  made  at  the  two  piezometer  lines  is 
5giv^  in  table  18.  Ihe  permeability  of  the  clay  top  stratum-as  co^uted 
fr&  piezometric  data  obtained  at  the  crest  of  the  1950  hi^  water  and 
the  -effective  thicknesses  as  shown  in  table  18  was  about  1 x 10”^  m per 
seci.  fact  that  the  permeability  of  the  clay  blanket  is  very  naich 
iffgafer  thanwnormaljy  would  be  associated  with  such  soil  is  attributed 
tp!  inulerous  crayfish;  holes=  and  other  fissuresi  in  the  top  stratum.  In 
this  connection  it  is  poised  put,  hewever,  that  at  Upper  Francis 

id>approximtely  2 to  5 t^  than,  that  for  the  thinner  clay  ticket 

iat  the  Trotters  5**-  site. 

too.  I^rmeability  ratio.  Ihe  ratio  of  permeability  of  the  founte- 
tiOT'-to  that  of  the  top  stratm  is  estiroted  to  Imve  bean  about  1200  along 
pielpmeter  Wnes  B and -Q  a^  the  crest  of  the  1950  hi^‘ water. 

*tpl>  Seepage  flow.-  Seepage  passing  beneath  tbe  levee  at  the  crest 
of  the  1950  hi^ -^ter,,  Md  for  the  project  fir/od>  was  estimated  using 
■tK-  cpiresponding. me  values  of  k^  > s , and  x^  for  these  floods. 

-At.  the  1950  crest  the  natiural  seepage  passing  beneath  the  levee  at  the 
Francis  site  was  conputed  to  be  about  75  6P®  psr  100  ft  of  levee, 

9b  = 8 gpm.  Relatively  little  seepage  was  observed  emerging  in 

'S- 

the  J^ediate  yicirdty  of  the  seepage  berm  at  the  1950  crest.  As  may  be 
wted  from  the  slope  of  the  hydraulic  grade  line  for  piezometer  B on 
plate  137^  seepage  landward  of  the  levee  is  dispersed  over  a wide  area 
and  some  no  dou'»t  emerges  as  far  as  a mile  landward  of  the  levee. 

402.  Xandside  substratum  pressures.  The  hydrostatic  pressures 
that  developed  along  the  toe  of  the  berm  at  the  crest  of  the  I950  hi^ 
water  ore  shown  on  plate  137*  Hydrostatic  heads  at  and  landward  of  the 
seepage  berm  are  also  shown  on  plate  137*  Readings  of  selected  piezom- 
eters at  or  near  the  landside  toe  of  the  levee  vs  river  stages  are  plotted 
on  plates  I38  and  139*  Estimated  piezometer  readings  for  river  stages 


hi^er  than  -Uiose  e^Qierienced  to  date  also  are  shown.  The  heal  on  the 
levee,  top  stratum  characteristics,  substratum  pressures,  and  gradient 
through  the  top  stratum  at  certain  typical  piezonsters  landward  of  the 
levee  are  given  in  table  I9.  Plates  135  and  I36  show  that  changes  in 
rising  river  stages  were  quickly  reflected  in  readings  from  most  piezom- 
eters landsmrd  of  the  levee.  During  the  1950  high  water  there  was  an  es- 
tinated  lag  of  approxinately  7 days  in  the  developnent  of  excess  head 
landward  of  the  levee  after  the  river  reached  the  levee.  This  is  attrib- 
uted to  filling  of  natural  ground  storage  laMward  of  the  levee  as  the 
river  rose. 

403.  Uplift  pressures  that  developed  during  the  1950  high  water 
at  the  Upper  Francis  site  were  not  great  enough  to  caqse  sand  boils  land- 
ward of  the  levee.  However,  on  the  basis  of  plots  shown  on  plates  138 
and  139  and  data  in  table  19,  it  appears  that  critical  uplift  pressures 
will  develop  landward  of  the  levee  when  H is  higher  than  approximately 
20  ft.  At  project  flood  stage  H will  be  approximately  25  to  28  ft. 

404,  Excess  heads  landward  of  the  levee  at  the  crest  of  the  I95O 
high  water  ranged  from  about  2 to  5 tt,  or  about  25  to  3^  H . Excess 
heads  of  10  to  I5  ft  probably  will  have  to  develop  at  this  site  before 
sand  boils  will  occur.  Such  boils,  when  they  do  occur,  may  be  expected 
to  be  quite  active  because  of  the  hi^  pressures  required  to  cause  them 
and  concentration  of  seepage  toward  the  few  points  of  relief. 

405,  Estimated  gradients  through  the  top  stratum  at  the  crest  of 
the  1950  high  water  ranged  from  about  0.1  to  0.3*  The  fact  that  no  sand 
boils  occurred  at  this  site  may  be  attributed  largely  to  the  considerable 
distance  to  effective  seepage  entry  and  the  thickness  of  the  tqp  stratum. 

Evaluation  of  seepage  problem  and 
recoEtpendations  for  control  measures 

406.  A river  head  of  approximately  20  ft  on  the  Upper  Francis 
levee,  approximately  5 to  8 ft  below  project  flood  stage,  nay  be  expected 
to  cause  the  formation  of  rather  concentrated  saM  boils  landward  of  the 
levee.  Althou^  the  levee  withstood  a head  of  approximately  I8.5  to  20.5 
ft  during  the  1937  high  water  without  any  serious  seepage  or  sand  boils 
being  reported,  such  a stage  is  about  equal  to  that  estimated  as  being 
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Bead  ca  leyee,  Itop  Strata.  Sdatratua  Eressures,  and  Gradleats 
througfa  TCP  Strata  aJraig  Toe  of  Levee 

Dp^r  Fraaels,  Hiss.,  Site 


Mez 

Met 
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Avg  Gra- 
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h 
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(0.85  z^) 

ft 

Crest  of  1933 
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H 

ft 

^0 

ft 

H ^ 
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el,  ft  E3l 

Clajr 

Silt 
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A-1 

lfil.5 

— 

12.0 

7.0® 

19.0 

17.5 

14.9 

6.8 

2.0 

B-G 

B-4 
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— 

13.5 

9.5® 

23.0 

IB.O 

15.3 

7.3 

1.5 

21 

B 

B-5 

160.5 

— 

15.0 

11.5 

2S.5 

20.0 

17.Q 

7.8 

1.8 

23 

B 

B-7 

157.0 

— 

IB.O 

0.0 

ifl.O 

18.0 

15.3 

11.3 

4.0 

35 

C*G 

C-4 

159.5 

10.0 

8.0® 

IB.O 

l4.0 

11.9 

8.8 

4.3 

49 

C 

C-5 

158.0 

12.0 

6.5 

IB.5 

12.0 

10.2 

10.3 

3.2 

31 

c 

C-6 

1^.0 

12.0 

6.5 

IS.5 

12.0 

10.2 

10.3 

*».9 

48 

£st  Gradient  thrcaigh 
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— 
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hi 
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— 

— 

— 

0.08 

24.0 
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64 

16.7 

B 

B-5 

— 

— 

— 

0.09 

24.5 

13.5® 

55 

>24.5 

B 

B-7 

— 

— 

0.22 

£8.0 

15.3® 

55 

20.0 

C-G 

C-4 



— 

0.31 

25.5 

11.9® 

47 

19.6 

C 

0-5 

— 

— 

0.27 

27.0 

10.2® 

38 

^.0 

C 

C-6 

0.41 

£7.0 

10.2® 

38 

l4.4 

a.  c 


See  paragra]^  143* 

Only  silt  on  top  of  clay  liKludcd  In  coaiaitlng  2.  . 
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req.uaxed  to  cause  the  develojasent  of  sa»i  boils.  !Rius,  there  is  no  as- 
surance that  an  additional  2 to  3 ft  of  net  head  might  not  have  activated 
rather  seveza  boils.  The  maximum  river  stai^  e^^rienced  during  1950  was 
iKJt  veiy  hi^  and  piez<aceter  readings  were  relatively  low.  However,  on 
the  basis  of  hi^er  stages  and  corresponding  high  substratum  pressvires 
at  sites  similar  to  Upper  Francis  (i.e.,  L‘ Argent  and  Baton  Rouge),  high 
and  probably  critical  substratvoa  pressvures  may  be  ejtpected  at  Upper  Francis 
at  river  stages  near  project  flood  stages;  thus,  some  additional  imder- 
seepage  control  n^astires  are  indicated.  Filling  the  riverside  borrow 
•pits  would  restilt  in  little  reduction  in  landward  pressures;  extension 
of  tte  existing  berm  wouCLd  be  a possible  solution,  but  is  not  considered 
practicable  because  of  the  flatness  of  the  hydraxilic  gradient.  Relief 
wells  spaced  fairly  far  apart  aje  recomnended  to  reduce  subsurface  excess 
pressures  to  safe  values. 

h07>  The  existing  seepage  berm  probably  is  not  sufficiently  wide 
to  prevent  the  formation  of  critical  uplift  pressiures  landward  of  the 
berm  toe  at  a project  flood  stage;  however,  it  is  more  than  adequately 
thick  for  its  width  as  illustrated  by  the  gradients  shown  on  plate  137* 

lt08.  The  narrow  sublevee  basin  from  sta  50  to  60  has  little  effect 
on  the  develoimssnt  of  critical  excess  pressures  landward  of  the  levee  as 
shown  by  the  hydraulic  gradients  observed  during  the  1950  high  water. 

When  filled  with  water,  the  basin  will  have  a sonewhat  greater  effect  on 
shallow  seepage  through  the  natural  levee  (sandy  silt)  deposits  inmediately 
beneath  the  levee.  However,  as  the  levee  and  berm  have  a creep  ratio  of 
l8  for  a project  flood  without  ;ra^ter  in  the  sublevee  basin,  the  basin  is 
not  ejnsidered  necessary  for  the  control  of  shallow  seepage. 

Lower  Francis,  Mississippi 


1»09.  The  Lower  Francis  site  was  selected  for  study  because  of  its 
record  of  heavy  underseepage,  and  the  existence  of  a relatively  uniform 
thin  landside  t<^  stratinn,  and  of  riverside  borrow  pits  excavated  to  sand. 
Investigation  of  the  effectiveness  of  a wide,  pervious  berm  for  controlling 
underseepage  was  also  desired. 
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Itesaaptlon  of  srte 

tlO.  Bhis  site,  located  iimiediately  dxrrfnstream  of  the  Upper  Francis 
site,  extends  from  levee  sta  110  to  150.  Sie  levee  is  anproxiisately 
15<X3  ft  frcaa  the  Mississiproi  River  and  has  a i^t  teight  of  approxin^tely 
2$  ft.  Plans  of  the  site,  river,  borrcw  pits,  surface  geology,  topography, 
ai^  piezosster  layout  are  shown  on  plates  l4l  and  1^2;  plate  l43  is  an 
aerial  cssaic  of  the  site.  Along  the  portion  of  levee  studied,  riverside 
borrow  pits  10  to  15  ft  deep  a:^  approxiEately  ^(X3  ft  wide  ts&ve  been  ex- 
cavated 5 to  10  ft  into  the  pervious  substratum  (see  plates  l42,  l44, 
aiKi  145).  Hie  lar^  clay-filled  channel  previously  described  for  the 
Upper  Francis  site  lies  adjacent  to  and  landward  of  the  Lower  Francis 
site  as  shown  on  plates  l4l  and  l42. 

4U.  Prior  to  1944,  the  levee  at  Lower  Francis  was  located  as  shown 
on  plate  l4l.  As  described  on  Idiis  plate,  the  foncer  levee  was  also  sub- 
ject to  very  heavy  imderseepage  during  periods  of  very  high  im-ter.  At 
the  tiaie  the  levee  was  set  back  at  Lower  Francis,  a large  sand  seepage 
berm  was  provided  ss  shown  on  plates  l4l  and  l42;  this  berm  is  approxi- 
Ecately  I3  ft  thick  at  the  levee  toe  and  2C0  ft  wide.  Sections  of  the 
berm  are  shown  on  plates  l44  and  145.  An  approxiirate  relation  between 
river  stages  at  Dswer  Francis  and  the  river  gage  at  Helena,  Ark,,  is  shown 
on  plate  l4o. 

412.  History  of  underseepage.  Hie  levee  vas  set  back  to  its  pres- 
ent position  in  1944,  and  the  first  high  water  against  it  occurred  in 
1945.  During  this  high  water,  an  H of  about  I6  ft  caused  very  heavy 
seepage  and  numerous  sand  boils.  Six  large  sand  boils  developed  between 
sta  U5  and  128,  and  54  sand  boils  occurred  within  ^X)  ft  of  the  toe  of 
the  berm  between  sta  135  and  I5I.  Upstream  from  sta  135#  seepage  emerged 
at  the  surface  of  the  berm  along  the  landward  half;  downstream  from  sta 


135,  the  toe  of  the  berm  was  unstable.  As  the  toe  of  the  berm  was  built 
of  clay  and  served  as  a retaining  dike  while  the  remainder  of  the  berm 
iras  being  dredged  in  place,  it  is  believed  that  the  clay  toe  was  iidiibit- 
Jng  the  emergence  of  seepage  from  the  herm.  During  the  I95O  imter, 
an  H of  approxiBstely  I3  ft  caused  medium  to  heavy  underseepage  between 
sta  105  and  15O  with  nurcrous  sand  boils  from  sta  l4l  to  14?.  Hie  sand 
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boils  first  aj^ared  about  5 February  1950,  ai^  by  8 Fibruary  vere  esti- 
i3.t€jd  to  be  floiTing  at  a rate  of  5 to  50  each;  sons  boils  dischar^d 

as  inu<di  as  1 cu  yd  of  saM.  Ihe  locations  of  the  seepage  ai^  sai^  boil 
areas  are  shown  on  plate  142.  !Ihe  seepage  along  the  toe  of  the  berm  froa 
sta  l40  to  l47  was  very  heavy;  in  fact,  scase  places  along  the  bens  toe 
were  so  soft  that  it  was  impossible  to  walk  across  tte  area.  Ihe  topog- 
raphy at  the  Lower  Francis  site  is  such  that  seepa^  nsasurements  could 
not  be  made. 

413.  Piezometer  instal3ation.  In  1948  two  lines  (c  aM  E)  of  pi- 
eztmsters  were  installed  perpendicular  to  the  levee  at  sta  1^  ani  145. 
Piezcsater  line  C was  located  wi^re  soil  and  geological  cor^tions  are 
!K)st  typical  of  the  site.  Line  E was  located  where  geological  cooiitioi^ 
are  such  as  to  create  a particularly  deujgerous  umerseepage  coi^tion 
(see  plate  142),  Two  line  C piezcsreters  were  installed  in  the  riverside 
borrow  pits  to  n^asure  the  head  in  the  sand  foundation  Icirediately  river- 
ward  of  the  levee.  Piezometers  were  also  installed  along  the  toe  of  the 
seepage  berm  frca  sta  115  to  145  (line  H).  The  tips  of  most  of  the  pi- 
ezcnreters  were  installed  inrsdiately  beneath  the  clay  top  stratum,  Pi- 
eztmseter  readings  -were  obtained  during  the  1950  hi^  ^ra.ter. 

Geology  of  site  and  soil  coniitions 

414.  Ihe  general  geology  of  the  site  is  illustrated  on  plai^  l4l; 
the  type  and  thickness  of  top  stratum  deposits  are  shown  in  EK>re  detail 
on  plate  l42.  The  site  is  situated  on  i»int  bar  deresits  laid  down  as 
the  river  gradually  enlarged  a meander  locro  leading  eventually  to  a cut- 
off at  the  end  of  stage  11  (plate  l4l).  The  top  stratum  landward  of  tte 
levee  consists  of  a relatively  thin  blanket  of  day  la^rlain  by  silt 
which  gradually  increases  in  thickness  until  it  finally  irerges  with  tte 
thick  clay  and  silt  deposits  filling  the  cutoff  channel  of  course  H (see 
plates  142,  i44,  and  l45).  The  clay-filled  channel  has  a crescent  out- 
line and  at  the  center  of  the  site  lies  apprcndmately  IXXW  ft  IsMware. 
of  the  leree.  The  near  edge  of  this  old  chanrel  crosses  uder  the  toe 
of  the  seepage  berm  at  approximately  sta  145 . The  clay  and  silt  deposits 
of  the  old  channel  range  in  thickress  frtmi  20  to  30  ft  (plate  l44). 

415.  Relation  of  uderseepage  to  geology.  The  primry  geological 


fealaire  affecting  seepa^  at  the  site  is  the  sassive  day-filled  chanial 
of  the  levee.  As  cay  he  noted  frtsi  plate  142^  of  the  ob- 
served seepa^  and  saM  boils  at  the  site  occurred  in  tja  area  between 
the  levee  ai^  the  old  chani^l  filling.  The  reissval  of  the  natural  t<g> 
blanKet  riverward  of  the  levee  has  also  aggravated  tls  iimerse^sage 
problea  si^iificantly.  'me  fact  that  n^st  of  the  seepa^  laidimrtl  of 
the  levee  was  dist«rsed  rather  than  concentrated  in  tte  fora  of  said, 
boils  can  be  attributed  to  the  relatively  unifora  nature  aid  thinness  of 
■Uie  tcp  stratua  laidward  of  the  levee  for  a distance  of  or  ft  ex- 
cept wltefe  the  clay-filled  diannel  crossing  beneath  the  levee  at  sta  145 
concentiated  the  seepage. 

4l5.  Soil  pTOfile  aid  piezcs^ter  lims.  The  locations  of  piezom- 
eters aid  borings  are  shown  on  plates  142  am  l43.  Soil  profiles  aid 
piezcseter  lines,  both  permidicular  aid  parallel  tc  the  laidsids  toe  of 
the  levee,  are  shtmi  on  plates  l44  throng  147. 

417.  Bie  sedinents  saking  iro  the  top  stratm  in  t^e  ^int  bar  area 
are  relatively  unifom  in  type  aid  thichmss  (plates  l42,  aid  l44  to  146). 
In  general,  tte  top  stratiss  laidward  of  the  seejsge  t^ns  for  5<X)  ft  err 
EXfre  mnsists  of  dxmt  4 to  6 ft  of  clay  uzxbrlain  by  1 to  2 ft  of  saidy 
silts,  except  in  the  area  between  sta  l4o  to  l48  vtere  tte  clay  Imp 
stratua  is  scisewhat  thicker, 

418.  The  T^rvious  substraiasa  at  the  site  consists  of  an  u|^r 
stiatim  of  fine  to  mdiua  sard  a^roxisately  20  ft  thick  vbicb  is  uider- 
lain  by  about  i;^  ft  of  very  ^rvious,  s^diua  to  coarse  sards  with  sc^ 
gravel.  This  ^rvious  stratua  no  doubt  exteids  to  ti^  bank  of  Ite  Mis- 
sissippi Biver,  a distance  of  approxiimtely  12CX>  ft  £r<m  the  mnter  line 
of  the  levee. 


Analysis  of  piezia^tric 
aid  seepa^  data 

419,  Biver  stages  aid  piezeroter  readings  observed  at  -Hm  site 
duxii^  tm  1950  hi^  water  are  plotted  on  plates  l48  aM  149.  At  the 
emst  of  this  hi^  water,  the  tead  on  ihe  levee  was  a^ut  13  to  l4  ft. 
Hez^»trdc  ^^lents  existing  in  ttie  ]^rvloas  sdistmtim  ‘mmalli  ■HiC 
levee  at  pless^ter  Idms  C aid  £ are  slwrwn  on  plate  1^.  5^  ^drostatic 
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head  along  the  toe  of  the  herm  as  measured  by  the  pie?ometers  along  line 
H is  also  shown  on  this  plate.  Excess  heads  of  about  2 to  3 ft  developed 
along  the  berm  toe  from  about  sta  II5  to  145.  Some  excess  hydrostatic 
head  existed  as  far  as  6OO  to  8C0  ft  landward  of  the  levee;  the  gradient 
beyond  this  point  was  practically  flat.  Based  on  the  gradient  curves 
on  plate  15O,  all  seepage  passing  beneath  the  levee  apparently  emerged 
between  the  levee  and  the  filled  channel  of  course  11.  The  highest  ex- 
cess head  at  the  toe  of  the  berm  during  the  1950  high  water  was  about  3 
ft. 

420.  A summary  of  information  pertaining  to  the  site  and  the  re- 
sults of  analyses  of  piezometric  and  seepage  data  based  on  borrow  pit 
conditions  and  seepage  control  measures  as  existing  in  1950  are  given  in 
table  20. 


Table  20 

StgjSAry  of  Analyalt  of  Pletoagtrle  aad  Seepage  Data»  and  Averare  Deslgi  Valitea 
Lover  Franela,  Site 


Fee ter 


Uce  C Llae  S 

Project  Project  __  DcsIct  Valuee 

19<o  Flood  n-xA  1950  Flood  Flood  S*a  Sta 


River  stage  (crest) 

Average  el  of  ground  or  tallwaier 
Head  on  levee  (H) 


167.6 

15^.0 

13.6 


182.6 

28.6 


167.6 

15^.0 

13.6 


182.6 

*28’6 


182.6 

155.5 


27.1 


Plezcaeters  used  in  analysis 


C-4  & C-6  •••••  E»1  |(  E»2 


Riverside  berrov  pU»  vidth,  ft 
Top  stratXB 

A'^rage  stratus 

Dintance  fros  riverside  levee  toe  to  river  (L. ) 
Dose  width  of  levee  (L^)  ^ 

Landward  extent  of  top  stratus  (L^) 

Distance  to  effective  seepa^  source  (s) 
Effective  length  of  riverside  blanJ'et  (x^) 

Distance  to  effective  seepage  exit  (x^) 

Effective  Uiiekness  of  sand  substratis  (d) 

Perseabllity  of  substratvn  (kf  x lO"**  es/sec) 
Laboratory  penaeobillty  testa 
Crain  .Ue  v»  fie-  H) 

Seepage  and  plezceetrlc  data 

Field  pusping  tests 

Well  flow  and  plezooetrie  data 

Top  strat;9,  type 

Effective  thickness  for  seepage  analysis  (z. .) 
Critical  thlcI«nc8S  (z^) 

Permeability  {k^j  x lo"**  cs/sec) 

Fiesooetric  data  and  bloni^t  fomulos 
Plcxtcetric  data  and  seepage  seasurcaents 

Permeability  ratio  (k./k..) 

Blanket  forssula  ^ ^ 

natural  seepo^  seasurcMnts 

Natural  seepage  beneath  levee 
Qgf  gpe/lOO  ft  of  levee 

Q,/H,  gps/ft  of  head/  lOD  ft  of  levee 


600 

600 

700 

ft  Olay 

4 ft  cloy 
0*2  ft  silt 

Sand 

1 ft  clay 

Saxxi 

IlOO 

1300 

1500 

675 

375 

373 

850 

600 

1000 

1010 

950 

isso 

1100 

900 

*•35 

375 

;o5 

5*^ 

323 

200 

460 

250 

330 

13‘. 

133 

135 

1600 

1600 

loco 

1100  — — IlOO 

2200  2500 


Clay 

Clay 

3.0 

7.5 

4.0 

!*.5 

6.5 

3-3 

17 

20 

S6 

17 

C7 

10 

26 

93 

05 

l6v 

60 

200 

93 

l(C 

340 

790 

-"30 

P3.S 

18.3 

182.6 

182.6 

I5I.0 

15*.0 

28.6 

28.6 

600 

600 

Sand 

1 ft  clay 

UOO 

1300 

800 

1000 

UOO 

1(25 

525 

370 

610 

5.0 

7.0 

4.5 

6.0 

300 

421.  Sovu-ce  of  seepage.  Seepage  may  enter  the  pervious  aquifer 
through  the  bank  and  bed  of  the  Mississippi  River  and  in  the  riverside 
borrow  pits  which  extend  8 to  10^  ft  into  the  pervious  substratum  (plates 
l41fc.and  1^5 

422.  Distances  to  the  point  of  effective  seepage  entry  were  deter- 
mined at.  piezometer  lines  C and  E for  various  days  during  the  1950’  hi^ 
water  period  and  are  plotted  in  fig.  37‘  values  of  s .shown  in  fig. 
37 -|ud  on  plate  150  indicate  that  most  of  the  seepage  enters  the  sub- 
stratum^ sands  through  the  borrow  pits  wherein  the  substratum  sand  has 
been  exposed.  The  values  of  s as  measured  at  lines  C and  E:  at  the 
crest  of  the  1950  high  vwatef  were  about  1000  and  1280  ftj  respectively. 
These  values  are  equiv^ent  to  an  open  seepage  entry  face  only  400-  to 

700- ft  from  the  riverside  toe  of  the  levee?  V^ues  for  -s  at  the  project 
flood  are  estimated  to  be  950  and  1100  ft  for  piezometer  lines  C and  E,. 
respectively. 

423.  Seepage, exit.  Values  of  x^  vs  river  stage  are  plotted  in. 
fiSi  37*  ’fhe  average  ground  surface  and  tailwater  elevation  Used  in  de.r 
termining  x^.  was  154.0  as  shown  in  table  20  and  fife.  37.  (fhe  area 
below  el  154.0  was  submerged  in  1950. ) At  piezometer  line  C where  the 
top  .stratum  consists  of  about  5 ft  of  clay > x~  was  about  250  ft  during 
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the  1950- high  water.  At  piezon^ter  line  U,  where  the  t^  stratum  con- 
sists of  ahput  7.5  ft  of  clay,  x^,  was  ahoiit  !f60  ft  ne^  the  crest  of 
this  high  i^ter.  The  =^eater  vaihe  of  at  line  E iS= 'attributed' to 
the  thicker  clay  top  stratum  at  tMs  location  as  compared  to  that  at 
Hne  C.  As  the  values,  of  x^  are  somewhat  less  thein  the  respective  dis- 
tances Lj  to  the  channel  fill  I^dward  of  the  piezometer  lines,  it  can 
ibe  concluded  that  the  channel  fill  does  not  mterialJy  ^fect  the  sub- 
:stratum  pressures,  although  the  channel  has.  an  influence  on  the  distribu- 
tion of  seepage  landward  of  the  leyee.  Values  of  x^  estimated  for  the 
crest  of  the  project  flood  are  200= and  250  ft  for  linea-C  and  E,  respec- 
tively (sea  table  20  and  fig.  3l)i 

k2k,  Thickness,Md  permeability  of  substratum  sand.  The  per^ous 
foundation  has  an  effective  thickness  of  about  135  ft.  '^e  permeability 
of  the  sand«aquifer  was-  estimated  from  laboratory  permeability  tests  made 
•on  samples  of  sand  obtained  with  a tailer  and  Correlation  of  ^10  vs. 

'(fig.  17).  The  results  of  these  (tetenninations  are  given  in  table  W as 
is  the  permeability  beMeved  to  be  most  representative  of  the  sand  aguifer. 
(('Grain  size  ‘curves  for  typical  substratum  sands  are  shora  on  plate  "tO.)' 
■From  these  data  the  average  permeability  of  -^e  substratwn  sands  is-Coh- 
sidered  to  be  about  IcQp  x 10  cm-  per  sec. 

425.  Thickness  and  permeability  of  topj^stratum.  ^^e  average:  top 
■stratum  landward  of  the  berm  toe  is  primarily  clay  and  is  considered  to 
■have  an  effective  thiclmess  of  about  3 to  7»5’f't  (plates- 144  through  147)* 
®ie  top  stratum  is  relatively  uniform  landward  of  the  levee  toe,  but 
farther  ie^^ard  beconCS  consider^ly  thickehi  On  the  basis  of  the  thick- 
nesses in  t^le  20,  k^j^  computed  from  piezometric  data  during  the  1950 
hi^  water  ^s  about  I7  and  10  x 10"  cm  per  sec  at  lines  c and  E,  re- 
spectively. The  lower  permeability  at  line  E; can  probably  be  attributed 
to  the  somewhat  greater  thickness  of  clay  in  the  vicinity  of  this  line. 

426.  Permeability  ratio,  ^e  ratio  of  the  permeability  of  the 
foundation  to  that  of  the  top  stratum  at  piezometer  lines  C and  E is  es- 
timated to  be  about  95  and  I65,  respectivelyi  Estimates  of 

the  crests  Of  the  1950  and  project  floods  are  .given  in  table  20. 

k2J.  Seepage  flbw^  The  natural  seepage  passing  beneath  the  levee 


at  the-  crest  of  the  1950  higi  water,  and  (estimated)  for  the  project 
flood,  at  lines  Ci  ^d  -E  was  computed  from  conresponding:  values  of  :H  , §} , 
and  X . ®ie  value  of  Q at  the  1950  .crest  ranged  from  ahput  250  to 
pO  ^ per  .100  ft  of  level  ;(Qg/H:  = l8'to  25  gpm) -with -ttie  giaater  seepage 
estimated  at  line=  C.  Natxural  seepage  at  the  project  flood  is;  estimated 
at  about  700  to  800  ^m  per  100  ft  of  levee,,  or  Og/H  = 25  gpm.  The 
•heater  seepage  at  line  C is  believed  to  result  from  the  thimer  top 
;stratim  landward* -of  the  levee  which  offers  less  resistance  tO  seepage 
flow  than  that  at  line  E.  From  the  above  data,  it  is  concluded  that  the 
|/)wer  i^ancis  site  is  subject  to  a very,  high  rate  of  natural  seepage. 

428.  T,«n(^Ride  substratm  pressures.  iHydrostatic  presses  that 
^veloped  along  the  toe  of  the  hem  at  <or  near  the  crest  of  the  1950 
flood  are  shown  on  plate  150  H).  Readings  of  selected  piezometers 

at  or  :ne^  the  i^^ide  toe  of  the  levee  vs  river  stages  are  plotted  on 
plates  151  and  152.  Aiso  shown  are  the  estimated  .substratum!  pressures 
for  flood  stages  =up  to  the  project  flood,  and  cOEputed  niaxiro^  piezometer 
readings  based  on  i^  ? O.85  . Kie  heM  on^  tlie  levee,,  top  stratum  charac- 
teristics, and  .substratum  pfessiires  at,  certain  tjpical  piezometers  along 
the  landside  toe  of  the  bem  are  jgiven  in  table  Plates  148  and  149- 
show  that  in  general  most  of  the  .piezometers  followed  rising  river  sta^s 
with  little  lag..  Uplift  pressures  sufficient  to  cause  ;sand  boils  -and  to 
■msdce  the  top  stratvun  become  quick  developed  along  the  entire  Lower  Precis 
:sita  at  H = 12  f t during  the  1950  high  water.  The  uplift  pressures  be- 
ineath  the  top  stratum  ranged  from  about  8 to  25^  H d^ing  1950  and 
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resulted.:  in  gradients  of  about  i0,4  to  0.9;  In  general,  heads  ibeneath  the 
top  strata  during  the  project  flood  stage  probably.’will  not^be  greater 
than  those  e:q)erien:^d  in  195P*{(about  2 3 ft)  as- the  latter  are  gen- 

erally representative  of  the  critical  heads  that  can  develop. 

Evaluation  of  seepage  problem  and 
recommendations  for  jccntrol  measures 

429;.  H of  about  11  to.  13  ft  during  the  1950'ihigh  water  and  l6  ft 
during  the  19^5  high’  water  caused  numerpi^  sand  boils  along  the  Lower 
Francis  site.  An  anMysis  of  ttie  piezometric  data  and  soil  conditions  at 
the  site  indicates  -teat  uplift,  .pressures  in  excess  of  those  E^eady  ex- 
perienced .will  not  develop  and^that  river  stages  exceeding  the  1950  high- 
water  crest  will  tend  only  to  increase  the  number  and  size  of  ;sand  boils ;= 
'^e  seepage  problem  is  made  more  severe  by  the  presence  of  the  filled 
phannel  from  sta  l4p> to  150  landward  of  the  levee.  Although  tee  seepage 
*berm  ^pr§yes  the  safety  of  the  levee  in  that  it  wi^  prevent  sloughing 
.of  the  landside  levee  slope  and'  will  force  the  point  of  any  subsurface 
piping  fsUvther  landv^d,  the  width  of  the  berm  is  not  adequate  to  prevent 
•development  of  sand  -boils. 

430.  Because  of  the  relat  ively  low  .maximum  excess  pressures  that  can 
■exist  due  to  the  thin  top  stratip,  and  because  of  the  high  creep  ratio  of 
21,  there  is  some  question  regarding  the  extent  of  additional  control  meas-i 
ures  required.  It  is  believed  that  a line  of  relief  wells  should  be  in- 
•atalled  along  the  toe  of  the  berm  from  sta  l40  to  150  where  the  clay-filled 
channel  is  close  to  the  levee  and  tends  to  concentrate  seepage  and  sand 
"boils  along  this  reach  of  levees  Upstream  from  sta  140,  the  landside  befra 
should  be  widened,  ^e  existing  berm  is  thicker  than  required'  and  part  of 
the  berm.mterial  could  be  used'  for  widening  if  desired. 

431.  At  no  time  during  tee  1950  high  water  w^  any  excess  hydro- 
static head  observed  above  the  surface  of  the  seepage  berm  and  the  pre- 
dicted gradient  beneath  the  levee  and  berm  at  line  C for  the  project 
flood  stage  is  below  the  surface  of  the  berm.  Even  though  the  seepage 
berm  is  composed  of  sand,  its  thickness  prevents  the  emergence  of  seepage 
•at  the  berm  svirface  and  as  a result  the  berm  acts  essentiedly  as  an  im- 
pervious berm. 


191 


BollA^,  Mississippi 

?i32,  Boliyar  \ms  selected  as  a site  for  stu^  "because  it  Kad  been 
subject  to  Underseepage  and  scmd  boils  d\u?ing;  previous  hi^^waters  and 
was  considered  representative  of  a medixm-thick,  unifom  c3ay  landside 
top  stratumi  It  also  provided  an  opporttuiity  for  stud^ng  the  effective- 
ness of  sublevees  as  a seepage  control  measure. 

Description-  of  site 

433.  The  site  is  located  along  the  east  ba^  levee  of  the iMissis- 

sippi  River  approximately,  2 miles  northwest  of  Benoit,,  iMiss,  , and  eictends 
from  levee  sta  21S0  to  2^0.  PIms  of  the  site,  borrow  pits,  sx^face 
geolo^,  topography,  and  piezometers  are  shoxm  on  plates  153  anl.  154;. 
plate  155  is  an;aerial  mofaic  of  the  site.  At  this  site  the  levee  is  ap- 
proximately 8 Mies  from  the  ^in  channel  of  the  Mssissippi  River;  how- 
ever,. it  is  only  about  1^0  to  15C0-  ft  from  Bolivar  Chute,  which-  lies 
fiverx^d  of  the  levee.  Riverside  iborrow  pits  5 to  10=  ft  deep  ^d  about 
3<W  ft  wide  have  been  excavated  along  most  of  the  site..  Sxihlevees  ejrtend 
along  the  levee  from  approximately  .sta  2122  to  2253  (plate  -153)  •:  No 

seepage  beims  have  been  cOnstiucted  at  this  site..  The  levee  has  a net 
height  of  approximately  26  fti  An.  approximate  relation  be-^een  river 
stages  at  Bolivar  and  the  river  gage  at  Arkansas  City,.  Ark.,  is,  shown  on 
plate  l66. 

434.  History  lOf  xihderseepage.  Although  considera"ble  seepage 
probably  occurred  along  this  site  during  the  1937  high  water,  there  is 

no  record  Of  it.  Heavy  xinderseepage  and  numerous  pin  boils  were  reported 
between  sta  2020  and  2259  dxiring  the  high  water  of  1945 ^ and  the  sublevee 
basins  were  between,  one-foxirth  and  onerhalf  filled  with  seepage.  H dxur- 
ing  this  high  water  was  about  11  ft. 

435.  During  the  1950  high  water,  when  H = 9 Tt,  the  sublevee 
basin  bec^e  filled  with  water,  probably  as  a resxilt  of  both  sxirface 
runoff  and  seepage..  It  was  iitpossible  to  determine  whether  at^  sand 
boils  developed  in  the  sublevee  basin;  however,  very  little,  if  any, 
seepage  occxirred  between  the  levee  toe  and  the  witer  in  the  basin. 

436.  Piezometer  installation.  In  1948  a long  line  (d)  and  two 
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sKorter  lines  (B  and  G)  of  piezometers  were  installed  perpendicular  to 
tHe  levee  at  sta  2a30j  2192,  and  2210,  re^ctively  (plate  150>  One 
piezometer  (D-1)  v^s  installed  on  line  D,,  to  the  riverside  ‘bpSow  pit. 
Additional  piezpn«ters  (line  K)  were  installed  along  the  landslde  toe  of 
the  levee  from  approximately  sta  2190  to  ^10,  one  of  which  ;(A-l)  was 
located  at  a point  considered  particularly  critical  as  regards  rseepage. 
Piezometer  readings  wre  obtained  during;  the  hig^  water  of  19§P» 

Geology  of  site  and  soil  conditions 

437.  The  gehe|^  geology  of  the  sito  is  illustrated  on- plate  153i 

toe  type  and  thicl^ss  of  top  stratum  ;natorials  are  shown  to*mpre  detail 
on  plate  154.  TVo  B^sologi'c^  conditions  e^st  tat  the  site, 

it  is  believed  that  to  ancient  channel  ((course  H),  now  fiULed  with  thick 
■^posits  of  silt  and’ c3ay,  at  one  time  ctossed  the  site  at  the  levee. 
Subsequent  to  the  filling  of  this  old  ch|^el  the  river  cut  out  a part 

of  toe  old  filling  a$  center  of  the  site,  leaving  point  bto  deposits 
as  it  migrated  frpm=‘cpurse  3 to  course  5?  Thick  clays  deppsitod  in  the 
■toandoned  channel  of  course  H lie  inmediately  landward  of  the  levee  from 
sta  2190  to  2203  (see  plate  154).  As  shpra  on  this  plate,  relatively 
•narrow  and  widely  s^ced  swales  cross  the  levee  at  an  angle  ^ approxi- 
•mtely  90°  downstre^*  of  sta  219O.  The  filling  in  former  coWse  H consists 
of  approximately  35  ft  of  silts  ctoys;  The  top  stratum  ^along  the  toe 
of  the  levee  from  sto  ^90  to  2206  co?  v -to  clay  8 to  10  ft  thick  except 
to®re  swales  apprpxl^tely  15  ft  thick  |^s  beneath  the  levej.  Downstream 
^pf  sta  2206  the  tpp::|tratvm  also.coasists  of  clay,  but  it  id  only  about  7 
ft  thick  and  xmderlato  by  approximately  4 ft  of  silty  sands  |nd  sandy 
silt  (see  plate  154  and  sections  K and  L on  plates  I58  ar^  i|9)*  About 
3 to  5 ft  of  clayey  and  silty  natural  leype  deposits  blanket  the  sits. 

438.  Relatiohuof  iinderseepage  tpMgeology.  The  recorded  seepage 
data  are  not  adequato  for  drawing  conclusiohs  regarding  the  effect  of 
distribution  of  sed^nts  on  the  locatiph  and  formation  of  serious  xmder- 
feepage.  However,  a potentiuUy  serious  underseepage  eolation  exists 
between  the  toe  of  toe  levee  and  the  massive  clay-filled  eh^iel  from 
sta  2190  to  2200>  particularly  in  the  toea  bounded  by  piezeaSters  A-1, 

B-1,  and  B-2.  The  reason  that  more  serious  underseepage  1ms  hot  occurred 
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at  this  site  is  probably i^ts<i^use  t.  .eiside  borrow,  pits  j^e  blahketec. 
by  2 to  5 ft  Of  clay.  A the  £ wte  is  potentially  dangerous  is  that 

the  top  stratum  immediately  llandj^d  f levee  is  8 to  10  ft  thick  — 
thick  enou^i  to  permit  the  foimatic  considerable  excess 'hydrostatic 
presses  but  not  thick  to  xwithit^d  50  per  cent  of  the  possible 

head  on  the  levee.  Where  ;go.ch  conditions  exist,  sand*  boils  usual^  de- 
velop in  localized jareaS  a?^  because  they  are  few  in  number  smay  become 
very  active  and  result  io^^^^lous  piping,  such  as  occurred  at  the  Stovall 
site  previously  discussed. 

h39‘  fhe  top=  strat#  ^t  piezometer  line>  G consists  essentially  of 
a uMform  stratum  of  clay^^htput  5 ft  thick  similar  to  the  top  stratum  at 
Lower  ’Francis  ( see  plate  15?  J . 

4h0.  Soil  prbfiles^fi^  piezometer  lines.  The  locations  of  piezom- 
eters borings  in>pl^  on  plate  154;  soil  profiles  and  pi- 

ezometer lines,  both  perj^Adj-cul^  and  parallel  to  the  landfide  toe  of 
the  levee,  s^e  shown  on  pi^t^s  156-159*  Piez^eter  line  B y&s  located 
at  a point  where  the  most.ct^ticc^  seepage  condition  was  thought  to 
(.ixist  (plate  154).  Piezo^t^r  line  D was  located  at  a point  where  the 
top  stratum  was  fairly  unifOjrm  as  regards  both  thickness  (8  to  12  ft) 
and  t^e  for  a disteuace  of'8o0  ft  landward  of  the  levee.  Piezome-ters 
were  located'  on  li^s  B agd  p adjacent  to  a drainage  ditch  3^dward  of 
the  levee  wMch  sighif  icantly  reduces  the  tc^  stratum  thickness,  partic- 
ularly at  boring  18;  (plated  3-54  ^d  156) . Piezometer  2ine  g was  located 
in  an.area  of  \mifom  topigta^atum  consisting  of  approximately  4-  to  6 ft 
of  clay  underlain  by  sevefA  feet  of  sandy  silt.  Additional  piezc^ters 
were  located.^  along  the  tOe  the  levee  (line  K)  as  shown  on  plate  154. 
The  tips  of  most  of  the  pieScTraeters  were  located  immediately  beneath  the 
clay  top  stratum. 

44l.  The  pe:^ous  substratum  at  the  site  consists  of  an  upper 
stratum  of  fine  to  vury  fiu*  sand  apprcalmately  10  ft  thick  under3Mn  by 
approximately  30  ft  of  t^o  medium  sands  which  in  turn  ^e  underlain 
by  appf oximtely  75  f t of  AtJ^rnating  strata  of  medium  to  coarse  sands. 


t 

I 

I 


Analysis  of  ^piezomet- 
flc  and  see^^e  data 

kk2,  *River  stages  and  piezometer  readings  observed  at  the  srte 
during  the  1950  high  vrater  are  plotted  on  plates  l60  and  l6l.  At  the 
crest  of  this  high  wa,ter,  H was  dbout  6.5  ft*  fiezometric  gradients 
easting  in  the  pervibud  substratm  beneath  the  levee  dLgng  piezometer 
jines  B,  p,,  iand  G perpMdicular  to*  the  levee  are  shown  for  selected  river 
stages  on  pjates  l62-i(^.  Hydrostatic  heads  along  the  toe  of  the  levee 
measured ‘W  piezometer  line  K are  plotted  on  plate  l6lf,  and  ranged 
from  about  1.0  to  2.5  ft  above  the  elevation  Of  water  in>the  sublevee 
basin  at  the  1950  crest.  Excess  heads  above  the  grcund  surface  existed 
only  a short,  distance  ^ndw^d  of  the  subleyOe  because  of  the  low  hfad 
the  levegi-  A summa^  of  informtion  pertaining  to  the  site  and  the 
results  of  Madyses  of  piezometric. -and  seepage  data  subs|quently  dis- 
cussed are  given  in  vable  22. 

1^43.  Source  of  seepage.  Seepage  may  enter  the  pervious  fountotion 
in  Bolivar  ^ute  and  in-  the  other  fiver  channel,  shown  as  (I9)  on  plate 
153,  and  through  rivefsMe  borrow. pits  (see  plate  I63). 

444.  Values  of  s at  piezometer  lines  -G  and  B diding  the  I95O 
high  water  ^e  plotted  in  fig.  38*  The  v£ilue|  of  s shown  in  fig.  38 
and  plates  163  and  l64  indicate  that  seepage  enters  the  sMd  substratum 
primarily  though  borrby  pits  immediately  riverward  of  the  levee.  Most 
of  the  natuf^>  impervicus  top  stratum  has  been  removed  in  the  borr^ 
pits  at  piezometer  lines  D and  G;  some  thin  strata  of  silty  sands  aM 
sandy  silts  still  remain  in  the  bottoms  of  these  pits  and  about  2 ft  of 
clay  apparently  remain  in  the  bottom  of  the  pits  at  line  B.  Clean  s^ds 
exist  immediately  benea,th  these  layers.  At  piezometer  lines  D and  G>  s 
i^s  about  &§  to  650  ft  at  the  crest  of  the  1950  hi^  water  (fig.  38-  and 
table  22) . It  may  be  seen  in  fig.  38  that  s decreased  considerably  as 
the  river  rose.  Based  on  piezometer  data  obtained  during  the  1950  high 
»mter^  s decrease  to  as  little  as  500  to  550  ft  at  project  flood 
stage  if  borrow  pit  conditions  are  not  altered.  Thus  the  effective  source 
Of  seepage  entry  would  be  only  about  200  ft  from  the  riverside  toe  of  the 
levee  at  such  a flood  stage. 
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^ep^e  exit.  Values!  of  vs  corresponding  river  stages- 
are  plotted  in  figi  38  for  the  i^fOi  high  water.  !tte^  is  a great  deal 
of  scatter  in  the  values  of  x^  at  both  piezometer  lines  D and  G.  Oha 
average  x^  at -the  I95O  crest  was  about  350  ft.  On  the  basis  of  the 
maximum  con^mited  hydrostatic  head  that  can  exist  landward  of  the  levee 
at  project  flood  stage  it  is  believed  that  x^  mii^t  decrease  to  200: or 
250  ft  for  such,  a flood  stage.  The  short  x^'s  at  the  Bolivar  site  ngy 
be  attributed  to  the  relatively  t%Ln  top  stratum  in^diately  landward  of 
the  levee. 

W6.  Thicldiess  and  penneabiiity  of  substratum  jsands.  The  pervi^s 

substratum  at  the  Bolivar  site  consists  of  a deejp  steatum  of  pervious 

sands  with  soiiffi-  gravel  in  the  lower  third  of  the  aquifer;  it  is  considered 

to  have  an  effective  thickness  of  about  90  ft.  The  gradations  of  typi^l 

foundatioEk  sands  at  the  site  are  plotted  on  plate  1^.  The  permeability 

of  the  pervious,  isubstratum  was  estimated  from  a cojf elation  of  vs  ’k^ 

as  shown  in  figi-  17>  and  laboratory  permeability  tasts  on  remolded  sauries, 
* - -iJ}'  _ - 

A kj  = 12CX)  X 10  cm  per  sec  was  estimated  for  tie  aquifer  at  the  site. 

Uhj,  Thickness  and  permeability  of  top  stratum.  The  top  stratim 
landward  of  the  levee  varies  considerably  in  thif khess  and  uniformity^  as 
illustrated  on  p3|ites  15k,  156,  £md  157»  Except  for  the  thick  clay-fiMed 
channel  (h),  the  top  stratum  from  sta  219O  to  2205  consists  of  clay  ap- 
proximately 13  ft  thick.  Downstfe^  of  sta  2205^  the  top  stratum  appe^s 
to  be  considerably  thinner,  consistii^g  only  of  about  6 ft  of  clay.  Tl^ 
effective  thickness  of  top  stratum,  tised  in  the  seepage  analyses  made  at 
piezometer  lines  D and  G is  given  in  table  22.  The  permeability  of  the 
clay  stratum,  £is  computed  from  piezometric  data  obtained  at  the  crest  of 
the  1950  high  water  and  the  effective  thickness  as  shown  in  table  22,  ws 
about  6 to  10  X.  10  cm  per  sec. 

448.  Pen^ability  ratio.  ratio  of  permeability  of  the  foUn^- 
tion  to  that  of  the  top  stratum-  along  piezometer  lines  D and  G at  the 
crest  of  the  195Q  higi  water  is  estimated  to  have  been  about  100  and 
re^ctively  (table  22). 

449.  Seepage  flow.  Seepage  passing  beneath  the  levee  at  the  crest 
of  the  1950  high  water,  and  for  the  project  flood,  wa^s  estimated  using 


the  corresponding  measured  values  of  H , s , ahi  for  these  floods 
;fsee  table  . At  the  1950  crest,  the  natural  seepage  passS^  beneath 
the  levee  was  computed  to  be  about  10  gpm  per  10  ft  of  levee,  or 
■Q^/H  = l6  g^.  At  project  flood  stage,  seepage  beneath  the  levee  may 
amount  to  as.  mich  as  50  to  6C0  gpm  per  100  ft  of  levee,  or  Q /H  = about 

-S 

20  gpm.  Because  of  water  in  the  sublevee  basia  landward  of  the  levee,  no. 
idea  of  the  fate  of  seepage  into  the  inclosed  area  could  be  obtained.  Oh- 
the  basis  of  the  hydraulic  grade  line  shown  on  plates  and  l64  for  the 
1950  crest,,  it  appears  that  70  to  90 >per  cent  of  the  seepage  passing  be^ 
■neath  the  levee  was  emerging  either  in  the  sublevee  basin  or  ^mediately 
landward  thereof. 

450.  landside  substratum  pressures.  Hydrostatic  press^es  that 


developed  along  the  levee  toe  (piezp^ter  line  K)<  -at  the  crest  of  the 
1950  high  water  are  shqvm  on  plate  1^,  Hydrostatic  heads  in:  the  sublevee 
basin  and  landward  thereof  at  the  190  crest  are  shown  on  plates  l62-l64> 
headings  of  selected  piezometers  at  or  landward  of  the  levee  toe  vs  river 
stages  are  plotted  on  plate  165.  The  head  on  the  levee>  top  stratum 
characteristics,  substratum  pressufes>  and  the  gradient  throu^  the  top 
stratvun  at  certain  typicM  piezometers  are  given  in  table  23. 
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451.  data  on  plates  10  and  l6l  show  that  after  the  grouM- 
water  storage  filled  the  piezometers  landward:  of  the  levee  reacted 
rapidly  to  changes  in  river  step.  As  at  other  sites  iQ)sti-eam  of  Bolivar 
there  was  an  estiiteted  lag  of  a;proximately  7 to  10  days  ih  the  de^lqp- 
ment  of  excess:  heads  landward  of  the  levee  after  the  river  reached  it. 
This  again  is  attributed  to  the  f illing  of  the  nateral  groimd  sterage 
landward  of  the  levee  as  the  river  rose. 

452.  Uplift  pressures  that  developed  during  the  1950  high  crater 
at  Bolivar  were  not  great  enough  to  create  any  teOTm  sand  boils  laigwaid 
of. the  levee.  The  fact  that  no  sand  boils  occulted  may  be  attributed  xo 
the  low  head  of  water  against  the  levee.  On  the  basis  of  plots  shown  on 
plate  10  caid  data  in  te'^'le  23,,  critical  uplift  •pessiares  will  probply 
develop  landw^d  of  the  levee  at  river  stages  hiper  than  approxi^tely 
10  ft.  (H  of  10  to  11  ft  duri^  the  1945  hip  water  is  reported  to  have 
caused  heavy  @3erseepage  and  nmerous  pin  boils,*)  The  project  flood 
stage  will  create  an  H of  approximately  26  ft  with  a water  surface 
elevation  in  the  sublevee  basins  of  l4l. 

453*  ^cese  heads  landw^d  of  the  levee  at  the  crest  of  the  1950 
hip  water  ranged  from  about  1 to  4 ft,  or  about  0 to  5C^  H (teble  23). 
Generally,  excess  heads  of  4 to  7*5  ft  would  be  tepired  for  sand  pils 
to  occur  along  this  site  except  ipossibly  in  the  bottom  of  the  sublevee 
basin  near  pieteteter  F-1.  An  excess  head  of  4*3  ft  existed  above  the 
estimated  water-surface  elevation  in  the  landside  drainage  ditch  near 
piezometer  p%7".  If  it  were  not  for  the  limited  amount  of  excess  ptessure 
that  can  develop  immediately  landward  of  the  levee,  a river  stage  of  I7 
ft  could  be  ^oected  to  produce  sand  boils  in  t>ie  bottom  of  the  dteinage 
ditch  at  piezometer  D-7* 

454.  Estimated  gradients  throup  the  top  stratum  at  the  crest  of 

the  1950  hip  crater  were  relatively  low,  rEuiging  from  about  0.25  0.40. 

Evaluation  of  seepage  problem  and 
recomn^ndatiohs  for  control  ifeasures 

455.  P H of  approximately  10  ft,  16  ft  below  project  flood 
stage,  may  be  ejipected  to  cause  the  formation  of  sand  boils  lan&rard  of 
the  levee,  particularly  between  sta  219O  and  2192  and  in  the  bottom  of 


the  landsi^  horrow  pits  from  sta  21$0  to  2220.=  CoasequeiA^,  seepage 
ccntroP  n^asures  in  to  the:  present  ^hievee  basins  ^re  ii^cated. 

!£he  maxiEnSi  river  stage  during  the  1950  higji  water  created  ^ E of 
6.5  ft  ai^  thus  was  not  Mgh  enough  to  demonstrate  visxialiy  the  need  for 
control  measures.  No  record  of  seepage  observations  during  the  1937  high 
water,  maxifsua  H of  18  ft,  could  be  found.  Although  the  ra:esent  sub- 
levee basins  will  decrease  the  net  head  acting  on  the  levee  by  about  3 
if  they  are  filled,  this  reduction  will  be  irore  than  offset  by  the  redder 
tion  in  tte  thickness  of  the  lan^ide  top  stratum  inside  tte  subleveed 
area  as  the  result  of  borrow  p^rations  to  construct  the  sublevees, 

456..  Raising  the  sublevees  to  a height  t'ret  would  insure  adequate 
reduction  in  net  head  3andweurd  of  -yie  levee  is  considered  i^racticablei 
She  sublevees  could  be  degraded,  the  material  used  to  fill  the  original 
borrow  pits  excavated  for  their  construction,  and  a seepage  bem  con- 
structed, However,  for  a^  practical  width  of  seepage  berm  a critical 
condition  wild  remain  where  the  landside  toe  of  the  seepage  bem  inters 
sects  the  massive  clayrfiUed  channel  (H)  such  as  now  exists  between  pir 
ezeaneters  A-1  and  B-1.  If  a seep^e  berm  is  selected  as  tM  rocthod  for 
controlling  ui^erseepage  at  the  Bolivar  site,  it  prohably  will  still  he 
necessary  to  install  a few  wells  at  the  intersection  of  the  landside  toe 
of  the  bem  aM  former  river  course  ( H) . Another  method  suitable  for  the 
control  of  underseepage  at  this  site  is  a line  of  relief  ’.rells  along  tre 
landside  toe  of  the  present  leveOi  Installation  of  relief  wells  along 
this  site  would  also  make  possible  degrading  of  the  existing  sublevees 
to  fill  in  the  existing  landside  borrow  pits  aM  return  this  area  to 
normal  Itod  use. 

Eutaw,  i-iississippi 

457.  Sutaw  vas  selected  as  a site  for  study  primarily  because  *t 
had  been  subject  to  heavy  uMerseepage  during  the  194?  hi^  water  aim  a 
new  large  bem  had  been  constructed  subsequently  which,  at  the  bime  of 
selection^  Imd  not  been  subjected  to  any  hi^  woter.  It  yos  also  desired 
to  measiTO  toe  drop  in  the  l^draulic  gradient  in  toe  pervious  stratum 


200= 

across  a fiMed  chapel  that  extended  30  to  40=  ft  dovm- into  tha  pervious 
acLuif er,  and  to  determine  the:  increase  in  head  in  the  pervious;  foundation 
heheath  the  new  herm-  as  coii^ared  to  a^  point  ^list  upstream  where  geological 
conditions  were  si^lar  and  ho  benn  exists. 

Description  iOf  site 

458.  The  site  is  located  along  the  east  bank  levee  of  the  Missis- 
sippi River  approximately  one-half  mide  from  the  town; of  Eutaw,  Miss.,, 
and  lies  between  sta;  2835  ahd  2880.  'Plans  of  the  site,  river,,  borrow- 
pits,  surface  geolp^,  topop-apl^,  and  piezometers  are  shown  on  plates 
16'^' and  l68j;  plate  169  is  an  aerial  mosaic  of  the  site.  Rather  extensive 
borrow  pits  (have  been  excavated  riveivard  of  tke  levee  which,  though 
relatively  deep  and  Mde,  are  presently  blanketed  by  about  5 to  8 ft  of 
silty  sand  and  sandy  silt  with  some  clay  in  spots.  !Hie  levee  ?has  a net 
height  of  approximately  3I  ft.  An  approximate  relation  between  river 
stages  at  Eutaw  and  the  Mississippi  River  ga^  at  Arkansas  City,  Ark. 
is  ishown  on- plate  166. 

459*  History AOf  imderseepage.  It  is  not  known-  whether  any  under- 
seepage occurred  dv;ring  the  1937  hi^  water  when  H = 15  ft.  However^, 
heavy  xinderseepage  emending  to  a slough  about  200  ft  landward  of  the 
levee  toe  occurred  during  the  1945  high  water  when  H;  was  9._4  ft. 

Numerous  pin  boils  were  obse^ed  at  the  toe  of  the  levee  and  for  a dig?, 
tance  of  about  80  ft  landward  between  sta  2840  and  2912.  In  I947  a large 
seepage  berm  approximately  12  ft  thick  at  the  levee  toe  and  200  ft  wide 
wag  constructed. 

460.  During  the  I950  high  water,  H = approximately  9 ft,  no  seep- 
age or  sand  boils  of  consequence  were  reported.  The  area  landward  of  the 
levee  below  con-our  132  was  under  water  during  this  high  water. 

461.  Piezometer  installation.^  In  1948  a line  of  piezometers  (5) 
was  installed  perpendicular  to  the  levee  at  sta  2860  and  extends  f om-  the 
riverside  borrow  pit  landward  for  approximately  I500  ft.  Several  other 
piezometers  (lines  B,  F,  and  J)  are  located  along  the  toe  of  the  levee 
and  seepage  berm  as  shown  on  plate  I68.  The  tips  of  the  line  D piezom- 
eters were  installed  at  several  elevations  as  shown  on  plate  I70.  Pi- 
ezometer readings  were  obtained  during  the  1950  high  water. 


W62,  The  general  si^face  geology  at  the -site  is  shown  on  plates 
16T:  and  168.  Plate  167  shows  the  location  of  former  river  courses^;,  swales 
and  na^ral  levee  deposits;  which  blanket  the  ^ea.  The  character  ^d 
thickness  of  the  top  stratum  are  shovm  in  more  detail  on.  plate  168. 

'463*  The  levee  and  seepage  hem  are  located  on  old?  channel  fill- 
ing Sind  chojinel  bar  deposits  laid  down  when  the  river  shifted  its  course 
during,  former  stages  10  to;  I3  (plate  16? ).  Although  stage  I3  was  fol- 
lowed by  a cutoff,  the  chapel  was  subsequently  filled  with  very  fine 
sands,,  silty  sands,  and  sandy  silts  with  a thin;  covering  of  clay,  as  de- 
picted* by  section  D on  plate  I70.  The  thalweg  position  of  course  13,  as 
marked  by  a smald  slough  ignediately  landward  of  the  present  seepa^ 
berm, ’-was  filled -with  approximately  40  ft  of  alternating  btrata  of  .silty 
sands  and  sandy  silts  with  occasional  clay  seams  covered  .with  8 to  10  ft 
of  clay. 

*464.  The  top  stratum  deposits  landward  of  course  13  are  typical 
of  ridge  and  swale  topography  and  consist  largely  of  numerous  shallow 
clay-filled  swales  with  intervening  bandy  ridges  (see  plates  I68  gid  I70). 
The  site  appears  to  be  blanketed  by  inatviral  levee  deposits  that  cagiot  be 
distinguished  with  respect  to  grain  size  from  the  underlying  point  bar 
top  stratum. 

465.  Relation  of  uhderseepage  to  geolo<t/^.  Except  for  heavy  seep- 
age d^ing  the  1945  high  water,  no  serious  sand  boils  have  ever  been  re- 
ported for  this  .site.  Hoirever,  prior  to  construction  of  the  seepage  berm 
in  1947^  a potentially  serious  seepage  condition  dii  exist  between  the 
toe  of  the  levee  and  the  deposits  in-  the  old  slough  landward  of  the  levee 
(see  section  D on  plate  I70).  The  seepage  berm  now  appears  to  adequately 
cover  the  thin  top  stratum  previously  existing  along  the  levee  toe. 

-466.  Soil  profiles  and  piezometer  lines.  Soil  profiles  and  piezom- 
eter lines  P,  D,  and  B perpendiculeir  to  the  levee  are  shown  on  plates  17O 
and  171.  Soil  profiles  H and  G in  the  borrow  pits  are  shown  on  plate 
172.  Profiles  I,  K,  and  S,  which  are  landward  of  and  parallel  to  the 
levee^  are  shown  on  plates  173  and  174. 

467.  As  shown  on  plate  I68  and  the  soil  profiles,  the  top  stratum 
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"beneath  the  levee  consists^  of  a relatively  u^form  layer  of  clay  approx- 
imately 3 to  5 ft  thick  underlain  "by  approximately  20  ft  of  alternating 
strata  of  silty  sands  and  s^dy  silts  (plate  173)  • Immediately  landward 
of  the  present  seepage  hem^.  the  top  stratum  consists  of  about  8 to  10 
ft  of  clay  in  the  bottom  of  an  existing  slou^  which  is  underlain  hy  20 
to  30  ft  of  isilts  and  silty  sands.  Landward  of  the  slough,  the  topography 
varies  as  much  as  10  ft  in  elevation  with  ^ternating  shaniow  swales 
filled  with  clays  and  sandy  ridges,  both  of  which  are  underlain  by  5 "to 
20  ft  of  silty  sands  and  sandy  silts  (plate  i70) . 

468i  The  tips  of  certain  piezometers,  on  line  D were  installed  at 
a depth  of  approximately  50  ft  and  so  as  to  cross  the  siltifiUed  channel 
previously  described,  for  the  purpose  of  determining  if  any*  significant 
drop  in  head -occurs  across  this  channel  filing  other  than- that  which 
would  normally  be  expected  as  a result  of  seepage  flowing  l^dward  (see 
plate  170). 

469*  The  pervious  fomidation  at  this  site  was  ex  iofed  at  depth 
by  only  one  boring  (boring  %,  plate  I71).  This  boring  inMcates  an  upper 
stratum  of  fine  to  very  fine  sands  approximtely  40  ft  thick  imderlain  by 
approximately  60  ft  of  medium  to  coarse  sands. 

Analysis  of  piezometric 
and  seepage^data 

470.  River  stages  piezometer  readings  observed  at  Eutaw  during 
the  1950  hi^  water  are  plotted  oj.  plates  1^5  and  176.  At  the  crest  of 
this  high  water,  H was  about  9 ft  above  the  natural  ground  along  the 
toe  Of  the  existing  seepage  berm  and  the  water  in  the  slpu^  immediately 
I landward  of  the  levee.  The  piezometric  gradient  existing  in  the  pervious 

! substratum  beneath  the  levee  along  piezometer  line  D is  shown  on  plate 

177  for  three  selected  river  stages.  Readings  of  piezometers  along  lines 
B and  P are  plotted  on  plate  178  for  corresponding  river  stages.  The  subr 
stratum  pressures  along  the  toe  of  the  existing  levee  and  seepage  berm 
are  plotted  on  plate  I79. 

471*  During  the  1950  high  water,  the  water  level  in  piezometers 
with  tips  set  in  the  silty  sand  immediately  beneath  the  clay  top  stratum 
rose  only  about  0 to  1 ft  above  the  natural  ground  surface.  However,  I 
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pressure  in  the  deeper  underlying  sand  was  as  ^ch  as -6  ft  above  the 
elevation  of  water  in  the  slou^»  Whether  or  hot  there  was  any  excess 
head  above  the  natural  ground  surface  l^dward  of  the  -slough,  in  the  deep 
sands  depended  upon-  the  ground  elevation  at  the  piezometer  (?see  plate 
177^. 

472.  A summ^y  of  the  information  pertaining  to  the  site  and  ana- 
lysis of  piezometric  and  seepage  data  subsequently  discussed =are  given 
in  table  2h^. 


Table  24 

Sisasaiy  of  Aiialyale  of -Pletooetrlcrand  Seep 


Data,  and  Average  Deslro  Values 


Eutav^  Hlaa. , Site 


^ Line  D-(Deep  Sand)- 
1950  Floods—  Pro.leet  Flood 


Dealga  Valuea"' 
Sta  2840-2660^ 
Average  Slough 


River  (creat). 

Average  el  of  grbu^  or  tallvater 
Head  onjievee  (H) 

PlezoneteM  -uaed  ln:8ruklysl8 

nivereide  borrow  pit, iwldth,  ft 
Top  Btfatia 

Aveni^:  atratua  _ 

DlBtaaeeifroa  rlvcralde  Invee^toe  to  rlyer  (L.) 
Base  wldto  of  levee-{l2)  ^ 

Landuafdttxtei.t  of  ■U'P  strati^  (L^) 

Distance  *to  effective  seepages  source  (s ) 
Effective  length  of-'rlverslde^blanket  (Xj^) 

'llstance'to  effective  seepage  exit  (x^) 

Effective-thickness- of  sand  st^Btratus(d) 

Pemeabhlty  of  sub^tratun  (k^-x  lo”**  cc/aec) 
LaboreToiy  peraeablllty  tests 
Crain  site  vs  D^^,  fig.  17) 

Seepage  and  piexc«trlc  data 

Field  ptsplng  tests 

Veil  flow  and  ple&Detrlc  data 

Top  atratua,  type 

Effective  thickness  for  seepage  analysis  (:l  , } 
Critical  thickness  (z) 

-4 

Peraeablllty  (k^j_  x 10  c^sec) 

Plezwtric  data  and  blanket  for^w 
Plez^trlc  data  and  seepage  aeasureaents 

Peraeablllty  ratio 
Blanket  foraula  ^ 
natural  seepage  ^asureaents 

Natural  seepage  beneath  levee 
Q^,  gj^/lOO  ft  of“levee 

Q,/H,  isa/tX,  of  head/lOO  ft  of  levee 


P-2,  -4,  -7 

700 
3?ft  el- 
s' ft  SI  Sd 
6.ft  Si  Sd 
2500 
450 


700 

ftfSl  Sd 


Upstreaa  frea 
Sta;2640 
(Tentative) 

163.1 

138.0** 

25.1 


600 

6-ft;Sd  SI 


• Asst^d  average -ground  elevation  landward  of  levee.  Avera^  ground  elevation  along  toe  of  seepage  beta  « 
132.0.  51evatl(»  of  water  -in  slough  {1950  high  -water)  • 132.0. 

**  Aes^ned  tailwater  with  s\d>levee  basin  full. 


Soiirce,  of  seepage.  Seepage  my  enter  the  pervious  fbu«(pition 
tirSough  the  hank  Md  charnel  of  the  Misslssi^l  River  approximately  2500 
it  distant,  in  the  bottom  of  the  riverside  boffow  pits,  and  through  the 
top-  stratum  riverw^d  of  the  levee. 

474.  Values  of  s at  piezometer  line  D,  for  piezometer  tips  in 
deep  sand,  during  the  I95O  high  water  are  plotted  in  fig.  39«  point 
of  effective  seepage  entry  into  the  tmderlyihg  pervious  foundation^  lies 
be-^een  the  riverside  borrow  pit  and  the  Mississippi  River.  At  piezom- 
eter line  D,  s was  about  I6OO  ft  at  the  1950'  crest  (fig.  39  and  ^ble 
24)'.  The  fact  that  the  source  of  seepeige  is  this  far  from  the  levee  can 
prebably  be  attributed  to  the  5 to  10  ft  of  silts  that  blanket  the- river- 
side borrow  pits.  Qhe  distance  to  effective  seepage  entry  is  probably 
shorter  for  the  Eutaw  site  in  general  than  at  piezometer  line  D because 
more  clay  seems  to  exist  along  D tl^  at  other  sections  perpendiciO^  to 
the  levee  (see  plates  1^,  I70,  I71,  and  172);,.  Thus  the  primary  sowce 
of  seepage  entry  in  the- pervious  foundation  at  the  site  appears  to  be  in 
the-  riverside  borrow  pits.  Also,  it  may  be  concluded  that  the  average 
value  of  s for  the  site  is  probably  somewhat  less  than  that  shOTO  for 
line  D in  table  24. 
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475*  Seepa^  exit.  Values  of  are  plotted  vs  corresponding 
fiver  stages  in  fig.  39  for  the  I95O  hi^  water.  The  distance  to  the  ef- 
fective point  of  seepage  exit  was  difficult  to  .estimate  hecausf  of  the 
VE^iation  in  tailwater  and  ground  surface  landward  of  the  levee.  In  es- 
timating x^  , it  was  assumed  that  the  average  ground  and  tailwater  eleva- 
tion was  135 ‘O*  The  relation  of  this  assumption  to  actual  ^ound  and 
tailwater  elevations,  as  they  existed  at  the  crest  of  the  195O;  hi^  water, 
tiy  he  seen  from- plate  177*  On  the  basis  of  the  above  assumption,  the 
average  x^  at  the  crest  of  the  1950  high  water  was  estimated  to  be  about 
1050  ft.  On  the  basis  of  the  n^imum  computed  hydrostatic  head  that  can 
exist  landward  of  the  levee  at  a project  flood  stage,  it  is  believed  that 
x^.  might  decrease  to  about  90Q‘  ft  for  such  a flood  stage.  The  relatively 
long  x^  at  Eutaw  may  be  attributed  to  the  relatively  thick  top  stratum 
of  sandy  silts  e_:p.sting  for  a distance  of  approximately  9OO  ft  landwaord 
of  the  present  seepage  berm. 

476.  Thickness  and  permeability  of  substratum  sands.  Relatively 
little  information  is  available  regarding  the  thickness  and  permeability 
of  the  sand  aquifer.  The  pervious  substratum  is  considered  to  have  an 
effective  thickness  of  about  70'  fb.  The  gradations  of  typical  foundation 
sands  at  the  site  are  plotted  on  plate  166.  The  permeability  of  the  per- 
vious substratum;  was  estimated  from  a correlation  of  vs  k^,  , as 
shown  in  fig.  17,.  and  results  of  a few  laboratory  tests  on  remolded 
samples.  A k^  = 1100  x 10  cm  per  sec  was  estimated  for  the  pervious 
substratum. 

477*  Thickness  and  permeability  of  top  stratum.  As  previously 
described,  the  top  stratum  landward  of  the  levee  varies  considerably  in 
character  and  thickness  (see  plates  168,  17O,  and  I71).  The  top  stratvun 
between  the  levee  toe  and  the  slough  at  piezometer  A-1  consists  only  of 
about  3 ft  of  clay  underlain  by  about  2 ft  of  sandy  silt.  The  top  stratum 
in  the  slou^  and  landward  thereof  is  believed  to  be  similar  to  that 
shown  for  line  D on  plate  I70.  The  top  stratiim  from  sta  2840  to  2880 
landward  of  the  present  seepage  berm  consists  essentially  of  a sandy 
silt-filled  channel  covered  with  about  8 ft  of  clay  landward  of  which 
are  alternating  strata  of  clays  and  silts  for  a distance  of  about  6OO  ft 


(see  p^tes  168  aM  I70).  In;  the  seepage  ana]yses>  the  top  stratum  was 
consi^red  to  he  s^dy  silt  IB  ft  thick.  Ihe  pem^ahility  of  tMs  top 
stratim,  as  congnited  from  piezometric  data  obtained  at  the  crest  of  the 
1950  high  water  and  effective  thickness  as  shown  in  table  2k,  was  I.3  x 
10  cm  per  sec. 

■478.  Permeability  ratio.  The  ratio  of  permeability  of  the  founda- 
tion to  that  of  the  top  strata  at  piezp^ter  line  D;  is  estimated  to  have 
been;about  9OO  at  the  crest  of  the  I95O  hi^  water  fsee  table  pJi)  . 

=479*  Seepa^  flow,  ^epage  passing  beneath  the  levee  at  line  D 
at  the  crest  of  the  I95O  hi^=  water,  sudd  for  the  project  f lood>  was  es- 
timated using  coiresponding  values  of  H< , s , and  for  ttese  floods 
( table;  ;24).  Ifatu]^  seepage  ipassing  beneath  the  levee  was  estifeted  to 
be  about  27  gpm  per  100  ft  of  levee  at  the  1950  crest  .(H  = 6.2  ft),  or 
Q /H  = 'about  4 gpm>  At  project  flood  stege,  seepage  passing  beneath  the 
levee  :may  amoimt  to  as  much  as  I30  gpm  per  100  ft  of  levee,  or  =Q_/H  = 

5 gpm..  On  the  bs^is  of  the  l^draulic  grade  line  shc^  on  plate  177  for 
the  1950  high  water,  about  5P  per  cent  of  the  seepage  passing  breath 
the  levee  was  emerging  in  an 'area  about  1000  ft  landi/ard  of  the  levee 
with  the  remainder  either  going  into  gro^d  storage  or  emerging  in  a low 
area  about  I5OO  ft  from  the  levee. 

'480.  Landside  substratum  pressures.  Hydrostatic  pre..surbs  that 
develp^d  along  the  levee  toe  and  seepage  berm  at  the  crest  of  the  1950 
high  water  are  shoini  on  plate  179.  Hydrostatic  heads  that  developed 
landw^d  of  the  seepage  berm  on  line  D as  measured  by  piezometers  imme- 
diately beneath  the  upper  clay  stratum  and  also  in  the  deep  pervious 
sands  are  shown  on  plate  177*  Readings  of  selected  piezometers  along 
the  levee  toe  vs  river  stages  are  plotted  on  plate  3^.  The  head  on  the 
levee>  top  stratim  characteristics,  substratum  pressures,  and  the  gradient 
through  the  top  stratum  at  certain  typical  piezometers  are  given  in 
table  25. 

481.  The  data  on  plate  176  indicate  considerable  lag  in  the  de- 
velqpi^nt  of  pressure  in  shallow  piezometers  installed  in  the  t^  of  the 
silty  sand  and  sandy  silt  stratum  which  lies  immediately  beneath  the 
tqiperj  more  impervious  clays.  On  the  other  hand,  pressures  in  the 
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principal  sand  aquifer  both  at  and  l|ndward  of  tl^  levee  toe  re^onded 
rapidly  to  changes  in  fiver  stage. 

482i.  Uplift  pressxires  that  developed  during  the  1950  MeJi  water 
were  not  ^eat  enough  to  create  ai^  taown  sand  boils  landward  of  the 
levee.  !&e  fact  that  no  sand  boils  occurred  can  be  attributed  largely 
to  the  Iw  head  of  water  against  the  levee  and  tie  relatively  thick  top 
stratum  landward  of  the  seepage  berm#  Based  on  the  very  limited  data  on 
plate  180  and  in  table  25,  critical  uplift  presswes  may  develop  landward 
of  the  levee  at  idver  stages  higher  than  approximately  15  ft  or  a stage 
of  some  l6  ft  below  the  project  flood  stage. 

483.  Excess  heads  along  the  toe  of  the  present  seepage  berm  at  the 
crest  of  the  I95O  hi^i  water  ranged  from  only  about  0 to  1 ft  as  measured 
by  shallow  piezometers  (see  plate  179)*  In  view  of  the  fact  that  the  new 
seepage  berm  covers  the  thin  top  stratum  between  the  original  location 
of  the  landside  levee  toe  and  the  slpuj^,  the  most  critical  location  as 
regards  underseepage  is  in  the  slough  and  immediately  landward  thereof, 
except  at  piezometer  A-1.  It  is  along  this  slough  that  the  greatest  head 
can  be  expected  to  develop  because  of  its  low  elevation  and  relatively 
low  height  to  which  water  will  probably  inpound.  Because  of  the  apparent 
lag  in  the  shallow  piezometers  and  the  low  head  that  developed  during  the 
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1950  high  water,  it  is  doubtful  that  the  values  of  =h^/H  shown  in  table 
25  for  shallow  piezometers  are  as  hi^  as  they  may  become  during  a sus- 
tained sMgher  river  st^e.  Hi^  pressures  that  may  be  expected  to  develop 
in  the  deep  imderlying  sands  are  illustrated  by  the  Mgh  ratio  of  h^/H 
of  65  per  cent  at  the  crest  of  the  I95O  hi^  water  (table  25) . The  pre- 
diction of  the  develoj^nt  of  sand  boils  at  river  stages  of  about  15  ft 
is  based  on  analyses  of  readings  of  both  shallow  and'  deep  piezometers. 

Sand  boilS  iinay  be  expected  at  the  nor%h;=end  of  the  seepage 
berm  in  the  vicinity  of  piezometer  A-1,  because  of  the  thinness  of  the 
top  stratum  between  the  landside  toe  of  the  aM  thicker  top  stratum 

deposits  in  the  bottom  of  and  lands^d  of  the  slou^.  paralleling  tte  levee. 
Sand  boils  in  this  area  may  occur  at  a river  stage  Of  147  or  an  H of 
only  9' it.  This  is  considered  a critical  location  ^ regard  to  the  de- 
velopment of  excess  pressures  during  hi^  water.  Conditions  at  piezometer 
A-1  are  believed  simi^r  to  those  at  the  reach  of  levee  along  whicA-  the 
berm  was  constructed  in  1947. 

485  ♦ Gradients  throu^  the  tc^  stratum  at  the  crest  of  the  1950 
high  -v^ter  were  quite  low  because  of  the  low  river  stage. 

Evaluation  of  seepage  problem  and 
recomitehdations  for  control  measures 

486,  An  H of  approximately  I5  ft  and  a river  stage  of  approxi- 
mately 16  ft  below  project  flood  stege  may  create  sand  boils  in  the 
bottom  of  the  slough  paralleling  the  seepage  berm.  The  same  bead  my  be 
expected  to  cause  sand  boils  between  the  levee  toe  ^d  the  slough  land- 
ward of  the  levee  between  sta  2835  to  2840,  at  the  north  end  of  the  seepage 
berm  (yicinity  of  piezometer  A-l) , Oh  the  basis  of  soil  conditions  and 
estimted  excess  hydrostatic  presstires  that  can  develop  landward  of  the 
levee,  the  present  seepage  berm  is  believed  too  narrow  for  completely 
adequate  seepage  control  and  is  thicker  than  required  for  its  present 
width.  Thus,  some  additional  seepage  control  measures  are  recommended. 

487»  Irregularities  in  ground  elevation  and  type  and  thickness  of 
top  stratum  landward  of  the  seepage  berm  make  prediction  of  subsurface 
pressures  at  high  river  stages  and  the  design  of  control  measures  diffi- 
cult. The  primary  area  of  concern  landward  of  the  seepage  berm  is  the 
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^jacent  slou^.  In  view  of  this,  the  most  practical  feconanendation  for 
additional  sewage  control  s^asures  aj^gff s to  he  the  building  of  suh- 
levees  across;  the  old  slough  at  approximtely  sta  2833=  and  2900,  which 
would  permit  impounding  of  water  up  to  el  138. 0.  These  cross  levees 
would  have  to-  he  of  suhstahtial  cross  section  and  woul^^  have  to  he  pro- 
vided with  manually  operated  control  gates  at  each  end  with  overflow 
spillways  of  .^equate  desi^  set  at  el  I38.O;  the  top  of  the  cross  levees 
should  he  set  at  el  l40.0.  The  creation  of  such  a suhlevee  hasin  wotfLd 
entail  huildi^  a few  low  dikes  along  the  landside  hank  of  the  slou^. 
Jinpoiindment  of  water  to  el  I38.O  would  reduce  the  maximmi  net  head  pos- 
sihle  to  25  ft,  and  the  eSti^ted  maxiMM  excess  head  in  the  slou^  to  7 
ft,  which  shoi^d  he  safe.  Althou^  the  source  of  seejp^e  at  Eutaw  is 
fairly  far  riverwEird  of  the  levee,  it  is  recommended  that  a few  permeahle 
dikes  he  const^cted  across  the  riverside  borrow  pits,  bo  encourage  their 
filling,  thus  lengthening  the  distance  to  the  effective  source  of  seepage. 

h88.  A potentially  critical  vmderSeepage  situation  exists  upstream 
of  sta  28h0  where  a very  thin  and  short  reach  of  tc^  stratum  lies  between 
the  levee  toe  and  much  thicker  landward  top  strata.  Construction  of  the 
suhlevee  basin  described  above  will  not  alleviate  this  situation.  Addi- 
tional seepage  control  measures  recommented  along  this  reach  are  either 
■a  relief  well  system  or  a l^dside  berm. 

L*Argent,  Louisiana 

489,  il^Argent  was  selected  as  a site  for  study  because  a uniform, 
thick  deposit  of  clay  was  Idiown  to  exist  over  a broad  £^ea  and  the  only 
source  of  seepage  is  in  th#  river  channel.  The  riverside  borrow  pits  do 
not  penetrate  the  thick  clay  top  stratum.  However,  it  was  thought  that 
high  substratum  pressures  Mght  develop  because  of  the  thickness  and  ex- 
tensive area  covered  by  the  clay  top  stratum.  Except  for  a sand  boil  65O 
ft  landward  of  the  levee  diiring  the  1937  flood,  no  serious  underseepage 
had  been  observed  at  this  site. 

Itescriptioh  of  site 

490,  Sie  site  is  located  on  the  west  bank  of  the  Mississippi  River 
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approxiinately  12  Mies  northeast  of  Ferrtday,  La. , and  extends  from  about 
levee  sta  3525  to  35^?  The  levee  is  appf pxtoately  2800  ft  from-  the  river 
hank.  Plans  of  the  site,  river,  borrow  pits,  surface  geology,  topography, 
piezometers  are  shbim  on  plates  181  and  l82;  plate  I83  is  an.aerial 
mosaic  of  the  site. 

491.  At  the  sita  the  levee  crosses  a former  course  of  the  Missis- 
si|pi  River  which  is  now  filled  with  a relatively  thick  deposit  of  clay. 
Although  borrow  pits  5 to  8 ft  deep  and  5C^  to  1000  ft  wide  have  been 
excavated  riverward  of  the  levee,  they  do  not  penetrate  to  the  iniderlying 
pei^oiis  foundation,  ^e  levee  has  a net  height  of  approximate^  30  ft. 
Rdissr  stages  at  L* Argent  can  be  estimated  from  the  Ifetchez,  Miss.,  gage 
and  the  graph  on  plate  191. 

492.  History  of junderseepage.  During  the  1937  high  water  when 
H = 20  to  24  ft,  mediTjm  tinderseepage  was  reported  between  sta  3543  and 
3546.  A 6-in.  sand  boil  occurred  at  sta  3528,  65O  ft  landward  of  the 
levee,  and  a 3-in*  sand  boil  was  reported  at  sta  3530,  250  ft  l^dward 
of  the  levee. 

493.  During  the  1945  high  water,  when  H = 1J.8  ft,  no  seepage  was 
reported  at  the  site.  -Correspondingly,  no  seepage  or  sand  boils  were  re- 
pblrted  at  the  site  during  the  1950  high  water  when  H = 15.4  ft?  The 
ejrtent  of  the  site  is  shown  on  plate  182;  the  locations  of  the  1937  sand 
boils  are  also  plotted  On  this  plate. 

494.  Piezometer  installation.  In  1948  one  line  of  piezometers  (B) 
was  installed  perpendicular  to  the  levee  at  sta  3542+33  and  another  (line 
A);  was  installed  along  the  landside  toe  of  the  levee  from  sta  3538  bo 
3552.  The  tips  of  most  of  the  piezometers  were  set  immediately  beneath 
the  clay  stratum  except  for  one,  B-4,  which  was  placed  at  about  the  middle 
of  the  top  stratum  as  shown  on  plate  184.  The  first  readings  were  made 
during  the  high  water  of  195O. 

Geology  of  site  and  soil  conditions 

495*  The  general  surface  geology  at  the  site  is  depicted  on  plates 
181  and  182.  Plate  181  shows  the  locations  of  former  river  courses, 
swales,  and  natural  levee  deposits  which  blanket  a considerable  portion 
of  the  area.  The  character  and  thickness  of  the  top  stratum  in  the 
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ime^ate  vicinity  of  ■^e  site  are  sho^  in  .more  detail  on  plate  lB2. 

496.  The  central  portion  of  the  site  is  located-  on  a restively 
thick  clay  stratum  deposited  in  a cutoff  channel  of  course  l4  (plates 
IBI-IB5)  • surface  geology  downstream  of  course  l4  consists  mainly 
of  silty  sands  and  sandy  silts  with  frequent,  rather  shallw  clay-filled 
swales  :having  a trend  approximately  normal  to  the  levee,  ^i^s  formation 
was  created  as  point  bar  deposits  during  migration  of  the  river  from 
course  I3  to  course  l4i  A thin  layer  of  natural  levee  silts  and  clays, 
diffici^t  to  distinguish  from  point  har  and  charnel  fillings  with  reject 
to  gr^n  size,  is  believed  to  cover  most  of  the  site.  The  clay  filling 
in  for&r  riVer  course  l4  is  relatively  uniform  along  the  dandside  toe 

of  the  levee,  ranging  in  tMckness  from  about  15  to  3D  ft  (see  plate  185)# 
but  appears  to  thicken  appreciably  toward  the  present  position  of  the 
Ittssissippi  River  (plate  184) . The  silty  top  strat\im  in  the  point  bar 
deposits  inmediately  downstream  of  course  l4  is  about  12  to  I8  ft  thick. 

497.  There  is  considerable  relief  in  topography  at  the  E'Argent 
site  es  shown  by  the  contours  on  plate  182.  It  is  to  be  noted  that  the 
ground  surface  at  the  toe  Of  the  levee  is  approximately  6 ft  higher  at 
sta  3550  than  at  sta  3535^  and  that  the  ground  svuface  in  the  old  channel 
filling  of  course  l4  drops  off  appreciably  landward  of  the  levee. 

498.  Relation  of  vmderseepage  to  geology.  The  reason  that  no 
serious  underseepage  has  occurred  at  L ‘Argent  is  probably  due  to  the 
facts  that  no  significant  amount  of  seepage  can  enter  the  pervious  founda- 
tion except  along  the  bank,  of  the  Mississippi  River  2500  to  3CGO  ft  from 
the  levee,  and  that  the  top  stratum  is  thick  enough  to  withstand  uplift 
pressures  that  have  occurred.  The  two  sand  boils  noted  during  the  1937 
high  water  occurred  in  areas  where  H was  approximately  25  ft.  On  the 
basic  of  extrapolation  of  data  obtained  during  the  1950  high  water,  the 
excess  head  in  these  areas  was  ;Just  about  equal  to  . The  minor  seep- 
age reported  between  sta  3543  and  3546  may  possibly  have  seeped  through 
natural  levee  cteposits  that  lie  immediately  beneath  the  base  Of  the  levee. 

499*  A potentially  critical  area  at  the  site  with  respect  to  under- 
seepage is  believed  to  exist  along  the  boundary  of  former  river  courses 
13  and  l4  (see  plates  182^185).  The  probable  reason  that  sand  boils  have 
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not  occvunred  along  this  hpundary  is  that  the  silty  sand'  and  sandy  silt 
top  stratvm  covering  fqrni-er  coxxrse  13  is;  sufficiently  pervious  that  natural 
leakage  tlarough  the  hlanket  reduces  the  substratum  head  enough  to  preclude 
serious  seepage  or  sand  boils.  Another  feature  that  have  significantly 
miniraized  seepage,,  both  along  the  clay-filled  channels  and  downstream 
point  bar  deposits,  is  the  relatively  low  carrying  capacity  of  the  per- 
vious substratxim  as  subsequently  discussed. 

5Q0i  Soil  profiles  and  piezon^ter.,  lanes.  A generalized  soil  sec- 
tion per^ndicular  to  the  levee  at  the  center  of  the  site  drawn  to  the 
same  horizontal  and  vertical  scales  is  shown  at  the  top  of  plate  lB4. 
Detailed  soil  sections,  profiles,  and  piezometer  lines,  both  perpendicular 
and  peraiiel  to  the  levee  toe,  are  shown  on  plates  184  and  I85. 

5Q1;  She  full  depth  of  the  pervious  aquifer  was  not  penetrated  by 
the  bori^s  at  this  site:  however,  from  geological  information  the  eleva- 
tion of  the  top  of  Tertiary  was  estimated  to  be  at  -80  insl.  If  this  es- 
timate is  correct,  the  pervious  substratum  at  the  site  is  approximately 
120  ft  thick.  The  upper  60  ft  of  the  pervious  sands  are  fine;,  no  informa- 
tion. is  available  regarding  the  lower  half  of  the  sand  aquifer.  The 
seepage  carrying  capacity  of  the  aquifer  at  L* Argent  is  only  about  p^- 
third  of  tliat  for  the  piezometer  sites  previously  discussed. 

502.  The  clayey  top  stratum  along  piezometer  l^e  B at  the  center 
of  the  site  is  approxi irately  17.5  ft  thick  and  thins  to  l4  ft  at  a point 
approxi^tely  I5CK)  ft  landward  from  the  center  line  of  the  levee,  w^re 
point  bar  deposits  of  course  13  are  encountered  and  the  ground  surface 

is  approximately  10  ft  higher  than  that  in  the  channel  Tilling  (see  plate 
184).  fee  average  thictoess  of  the  cfeyey  top  stratum  along  the  laMside 
toe  of  the  levee  across  the  channel  filling  is  very  uniform,  varying  from 
about  17.  to  19  ft;  however,  it  is  pointed  out  that  tbe  ground  surface  at 
sta  3530  Is  about  6 ft  lower  than  at  sta  3550  and  thus  the  head  on  the 
levee  at  sta  3530  is  always  higher  by  a corresponding  amount.  The  ground 
surface  in  tbe  point  b^  deposits  is  the  highest  in  the  area;  the  thick- 
ness of  the  silty  top  stratum  in  this  area  ranges  from  about  12  to  IB  ft 
(see  plates  l84  and  lfi5)» 

503.  Piezometer  line  B was  located  in  a position  thou^t  to  be 


representative  of  the  center  of  a wi^  clay-filled  channel.  Piezcaseters 
A-1  a^  C-li  were  located  along  tl^  laMside  toe  of  the  lavee  for  check 
piarposesi  PiezcaDeters  D-1  and  D-2  were  located  at  the  houMary  between 
courses  ij  a:^  l4  to  observe  siibstratuni  pressures  at  a point  that  was 
tlwught  "to  be  critical  with  resrcct  to  seepage. 

Analysis  of  piezcmetric 
and  seepn^  data 

5O4.  River  stage  and  piezoifeter  readings  observed  at  tfe  Z>'Argent 
site  diffihg  the  1550  high  water  plotted  on  plates  1^  and  IB7.  At 
the  crest  of  the  195®  hi^  water,  H was  about  I6  ft.  Kezc^tric  gra- 
dients easting  in  the  pervious  ^bstratum  beneath  the  levee  at  piezcn- 
eter  liae  B are  shown  on  plate  1^  for  selected  river  stages  occurring 
during  tife  1950  high  water.  Ihe  ^irostatic  head  along  tlfe  tee  of  the 
levee  as  iseasured  by  piezoiseters  along  line  A is  shown  on  p^te  IB9. 

During  t^  1950  high  water,  h varied  frosn.  about  I.5  to  5»5  ^ along 
the  toe  of  the  levee.  3bc  highest  heads  were  recorded  at  about  sta  3538 
where  the  ground  is  sone^diat  Ic^r  than  in  adjacent  areas  (plate  189). 

At  pieze^ter  line  B the  excess  head  was  about  5 ft  iron  the  landside 
toe  of  the  Isvee  to  the  edge  of  i*e  point  bar  deposits  (cctarse  I3)  about 
13^0  ft  lai^ward  of  the  levee  toe.  A sumsary  of  infornation  pertaining 
to  the  site  and  results  of  the  piezcsstric  and  seepage  data  subsequently 
discuss^  are  given  in  table  26* 

505i  Source  of  seepage.  Values  of  s at  piezeneter  line  B during 
the  1950  hi^  water  are  plotted  in  fig.  40.  These  values  indicate  that 
the  seepage  enters  the  sand  substraiana  in  the  bed  of  the  Ziississippl  River 
2800  ft  distant,  and  that  the  10  to  15  ft  of  clay  blanket  in  the  river- 
side bcfiwf  pits  effectively  seal^  13ie  pits.  The  distance  to  the  effec- 
tive sm^ce  of  seepage  was  about  3150  a-'fc  "the  crest  of  the  1950  high 
water;  It  is  estisated  that  s ^y  be  approxi irately  3006  ft  at  project 
flood  stage.  Ohe  source  of  seepa^  is  comparatively  distant  fraa  the 
levee  at  this  site, 

506.  Seepage  exit.  The  average  grourd.  surface  and  tailw^ter  used 
in  ^termini Dg  3^  was  tal^n  to  be  at  el  59^  which  ^presents  an  average 
of  llie  tailwater  elevations  6CX)  ft  lairfward  as  n^asvtied  on  8 i-^ch 


a^t>le.26 


SvBinary  of  Analgia  of 'Piezometric  and- Seepam  Data,  and  AveraResDeaiKn  Values 

L*Ar(?ent 

La. , Site 

-----  — - 

- - Line 

B 

EcsiRn  Values 

Factor 

=1950  Flood 

Pro.1ect==Flood 

Sta  3526;to  3552 

River  Bta^i(creBt) 

90.0 

90.0 

Average  el  of  grou^  or  tallwater 

59-0 

l6.!» 

59.0 

59.0 

Head  on  levee  (H) 

31^0 

31.0 

Piezooetera-used  In  analysis 

B-1  & B-2* 

— 

Riverside  borrow  pit,  width,  ft 

1000 

1000 

Xop  stratw 

12-20  ft  clay 

- — 

Averageistratun 

15=ft  clay 

15  ft  clay 

Distance  f ran  riverside  levee  toe-to  river  (L,) 

2500 



2500 

Base  wldth'Of  levee  (Lg)  ^ 

380 

— r- 

380 

Landward  ex^nt  of  top  strattnn-(L2) 

1340 

— 

1340 

Distance  to=effective  seepagezsdurce  (a) 

3150 

3000 

3000 

Effective  length  of  riverside  blanket  (x^^) 

2770 

2620 

2620 

Distance  to  effective  seepage  exit  (x^) 

3000 

4200 

5500 

Effective  thickness  of  sand  substratum  (d) 

120 

.... 

120 

Permeability  of  substratum  (kf  x 10**^  cm/see) 

IfOO 

400 

Laboratory- permeability  tests 

— 

— 

---- 

Grain  size  vb  .D^q,  fig.  17) 

350 

— — 

---- 

Seepage  and  piezooetricdata 

---- 

— — 

— 

Field  pushing  tests 

---- 

.... 

---- 

Veil  flow  and  piezooetric  data 

— 

— — 

• — 

Top  stratum,  type 

Clay 

.... 

Clay 

Effective  thickness  for  seepage  analysis  (z^t) 
Critical  thickness  (z^.) 

15.5 

— 

15.5 

15.5 

— 

15.5 

Permeability  x 10'**  cm/sec) 

0.24 

0.15 

— 

Piezoisetric  data  and  blanket  formulas 

0.24 

0.15 

.... 

Fiezometric  data  and  seepage  measurements 

— 

— 

— 

Permeability  ratio  (k./k. . ) 

1700 

2700 

3700 

Blanket  formula 

1700 

2700 

---- 

Hatural  seepage  measurements 

— 



— — 

Natural  seepage  beneath  levee 

Qg#  CPn/lOO  ft  oi  levee 

18 

30 

— 

Qg/Hj  gpm/ft  of  head/lOO  ft  of  levee 

1.1 

1.0 

— — 

* Head  at  B>2  was  increased  to  obtain  average  head  in  sand  substratuen  as  described  in  paragraph  132 

(plate  l88)  and  the  ground  surface  at  the  landside  toe  of  the  levee. 

From  the  data  plotted  in  fig.  4o,  j 

appears  to  increase 

progressively 

during  rising  river  stages  up  to  the  crest  of  the  1950  flood.  The  dis- 

tance  to  the  effective  seepage  exit 

at  project  flood  stage  based  on  the 

maximum  h that  can  exist  at  line  B is  about  4200  ft.  It  is  believed 

that  Xg  will  increase  with  rising 

river  stages 

until  the 

river  reaches 

el  80  to  85,  and  will  then  decrease 

as  the  river  rises  above  el  85  (see 

I 
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Fig.  40.  Distances  to  effective  seepage  source  and  exit. 

L‘ Argent,  line  B 

fig.  i|0)i  The  above  phenomenon  of  an  increasing  x^  followed  by  a de- 
crease is  similar  to  that  at  line  E,  Trotters  5I. 

507.  Thickness  and  permeability  of  the  substratum  sands.  The  per- 
vious foundation  at  LiArgent  consists  of  ms^um  fine,  and  fine  to  medium 
sands  to  a depth  of  about  el  -35.  The  top  of  Tertiary  is  estimated  at 
about  el  -80,  and  as  borings  did  not  peneti-ate  below  -35,  about  ft  of 
■aquifer  were  not  explored.  From  grain-size  data  and  fig.  I7  the  permea- 
bility  of  the  sands  above  el  -35  was  estimtited  to  be  about  $00  x 10  cm 
per  sec.  The  average  permeability  of  the  sands  below  el  -35  was  assumed 
equal  to  that  at  the  nearby  Hole -in-the -Wall  site  (500  x 10 cm  per  sec). 
On  the  basis  of  these  Values  and  assuming  an  effective  thickness  of  the 
sand  substratum  of  120  ft,  it  is  estimated  that  k^  = ^00  x 10”^  cm  per 
sec  at  L' Argent. 

508.  Thickness  and  permeability  of  top  stratum.  The  top  stratum 

landward  of  the  levee  (line  b)  consists  of  about  I5.5  ft  of  clay  for  a 

distance  of  about  1340  ft.  Landward  of  this  point  the  top  stratum  consists 

of  about  17  ft  of  silt  and  silty  sand  with  clay  strata.  The  permeability 

of  the  clay  top  strattim  computed  from  piezometric  data  obtained  during  the 

-4 

crest  of  the  1950  high  water  was  found  to  be  about  0.2  x 10  cm  per  sec. 
Estimated  values  of  kj^^^  at  the  project  flood  are  given  in  table  26. 
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5Q9*  Permeability  ratio..  The  ratio  of  permeability  of  the  founda- 
tion to  t^t  of  the  top  stratim  at  the  crest  of  the  1950  high  .^ter  is 
estimated  to  have  been  I7OO;  values  for  project  flood  stage  are  given  in 
table  26t 

510.  Seepage  flow,  3ie  natural  seepage  passing  beneath- the  levee 
at  the  crest  of  the  I95O  high-water  was  estimated  to  be  18  gpm  per  100 

ft  of  levee,  or  Q /H  = about  1.1  gpm.  It  is  estimated  that  at  the  proj- 

-S- 

ect  flood  Q will  be  about  30  gpm  per  100  ft  of  levee,  or  ^ /H  - about 

1.0  gpm  iftable  26) The  lower  value  of  =Q  /h  for  "tte  project  flood  as 

s 

con^iared  with  that  at  the  1950'  crest  is  predicated  on  the  longer  at 
the  project  flood.  On  the  basis  of  these  seepage  estimates,  the  site  is. 
subject  to  a low  rate  of  natural  seepage, 

511.  Landside  substratimi  pressures.  The  hydrostatic  pressures 
that  developed  along  the  toe  of  the  levee  at  or  near  the  crest  of  the 
1950  hij^  water  are  shown  on  plate  189>  line  A.  Readings  of  selected 
piezometers  vs  river  stage  at  the  landside  toe  of  the  levee  are  plotted 
on  plate  I90,  Also  shown  are  -estimated  substratxim  pressures  and  maximm 
estimated  piezometer  readings  for  river  stages  up  to  the  project  flood. 
The  head  on  the  levee,  top  stratum  characteristics)  and  substfatiun  pres- 
sures at  certain  typical  piezometers  along  the  landside  toe  of  the  levee 
are  given  in  table  27.  From  plates  I86  and  I87  it  may  be  noted  that  the 
maximum  heads  landward  of  the  levee  lagged  about  a weelc  behind  the  max- 
imum river  stage  observed  in  1950«  There  was  also  about  a two  weeks  lag 


Zt 

Head  00  Levee»  Itep  Str»t*.  Q-JbtXtmXm  PrgMur»»»  *jvd  OredienU  throu<i?>  Strata  along  Toe  of  tevee 

L*Arggat,  U.,  SIU 

£•(  Gradient  l^roucb 


Ari  Cn. 
dlcot  «t 

Ext 

Ihlcknexx  of  Top 

“c 

Crett  of  1950 
rioea  (75.M 

Top  Strata  (1950  Flood) 

TroinzX  Flood 

(90.0) 

Cat 

Plex 

Vtaber 

Stratva*  ft 

(0.65  ,.) 

JJ 

S««p* 

Deep- 

_3£S_ 

See^ 

0.26 

b. 

h, 

B At  r 

Um 

A 

ft/wl 

el,  ft  MI 

Clay 

S!lt  ToUl 

*t 

ft 

ft 

ft  T* 

BaoJ 

BolU 

ft 

ft 

TT* 

ft 

A-l 

59.0 

20.0 

0.0  20.0 

20.0 

17.0 

l£.l> 

ON 

.... 

31.0 

.... 

.. 

.... 

B-A 

B-2 

60.0 

— 

17.5 

0.0  n.s 

17.5 

1I..9 

15.k 

5.‘  35 

— 

— 

.... 

0.31 

30.0 

Ik.s' 

50 

22.6 

B 

*•3 

5«.2 

57.5 

II.5 

0.0  i<>.5 

l*-.5 

12.3 

17.9 

5.1'  29 

— 

— 

.... 

0.35 

32.5 

12.3' 

38 

23.0 

A 

C-l 

a.5 

— 

l£.o 

2.0'  lO.o 

is.o 

13.3 

22.9 

3>A  21* 

.... 

— 

— 

0.17 

27.5 

15.3' 

56 

20.7 

A 

D-1 

.... 

A.2 

i>.a  S.2 

7.2 

€,1 

10.9 

0.1  ■> 

— 

— 

.... 

0.06 

25.5 

O.fi^ 

2 

9.7 

A 

B-2 

«.5 

.... 

k,2 

T.S  12.0 

10,1 

6.6 

10,9 

l.k  13 

.... 

.... 

.... 

o.lli 

25.5 

6.6' 

» 

15.7 

^ G—  p«ncnp&  IV3. 

^ flili  m iffp  of  eUy« 


217 


in  the  development  of  substratum  pressures  above  the  ^oimd  si^face  after 
the  river  reached  a ^bankfuil  stage.  This  lag  is  attributed  to  the  fill- 
ing of  natural  ground  storage  landward  of  the  levee  as  the  river  rose 
and  the  relatively  low  permeability  of  the  pervious  aquifer. 

512.  Sand  boils  did  not  develop  at  L’Argent  during  1950.  Upifft 
pressures  along  the  toe  of  the  levee  varied  from  about  5*6  ft  at  piezom- 
eter A:-l  to  l.li-  ft  at  piezometer  D-2  at  the  crest  of  the  I95O  high  water, 
and  correspond  to  vailues  of  34  and  I35&  ft  , respectively,  (it  should^  be 

^ noted  that  the  ground  surface  is  about  4.5  ft  higher  at  piezometer  D-2 
than  at  A-1.  )/  The  maximum  upward  gradients  through  the  top  stratum  were 
about  0.30  to  0.35.  Uplift  pressures  as  high  as  5*1  ft  were  recorded  at 
piezometer  B-3^  about  1200  ft  landward  of  the  levee. 

513.  Qn  the  basis  that  i = O.85,  the  clay  top  stratum  between 
about  sta  3526  and  3552  can  withst^d  about  12  tP  17  ft  of  excess  head. 
Similarly,  the  silty  top  stratum  between  sta  3552  and  3557  can  withstand 
about  9 ft  of  excess  head.  From  the  data  given  on  plate  I90  and  in  table 
27,  it.  is  estimated  that  critical  substratum  pressures  will  develop  be- 
tween sta  3526  and  3557  at  a river  stage  of  about  22  ft,  or  9 ft  below 
the  project  flood  stage. 

Evaluation  of  seepage  problem  and 
recommendations  for  control  measures 

514.  The  levee  at  L’Argent  has  no  landside  seepage  berms  As  in- 
dicated above)  the  existing  top  stratum  between  about  sta  3526  and  3557 
probably  is  not  sufficiently  thick  to  prevent  the  formation  of  critical 
uplift  pressures  landward  of  the  levee  toe  at  river  stages  higher  than 
about  2D  ft.  Thus,  some  seepage  control  measures  are  indicated.  The 
riverside  borrow  pits  are  already  Sufficiently  blanketed  with  clay  and 
the  effective  seepage  source  is  in  the  river.  In  view  of  the  thickness 
and  low  permeability  of  the  top  stratum,  and  because  of  the  discontinuity 
existing  in  the  top  stratum  landward  of  the  levee,  a line  of  relief  wells 
would  probably  be  the  most  practical  control  measure  at  this  site.  The 
wells  not  only  would  reduce  the  pressure  at  the  levee  toe  but  also  land- 
ward of  the  levee,  and  would  prevent  the  formation  of  sand  boils  and  pos- 
sible piping.  Some  seepage  control  measures  may  also  be  required  both 
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upstream  and  downstream  from  the  reach  of  levee  "between  sta  3526  and  3557> 
Sufficient  soils  and  piezo^tfic  data  are  not  avaidahle,  however,  to  n^e 
a,  decision  in  this  regard  hor  to  design  the  control  measures,  if  required^. 

Holerin-the-Wall,  Louisiana 

515  • Hole -in-the -Wall  was  selected  as  a site  for  study  because  it 
is  representative  of  relatively  uniform  thin  deposits  of  clay  and  sandy 
silts  over  a relatively  broad  ^ea;  heavy  underseepage  and  sand  boils 
had  been  observed  there  during  the  1937  high  water;  and  a wide  seepage 
bem.has  since  been  constructed  but  not  tested  by  a high  river  stage. 
Description  of  site 

516.  The  site,  located  immediately  downstream  of  the  L’ Argent 
site,  extends  from  levee  sta  3^0  to  3630.  A general  plan  of  the  area 
is  shown  on  plate  I8l;  more  detailed  plans  of  the  site,  river,  borrow 
pits>  surface  geology,  topography,  and  piezometers  are  shown  on  plate 
192;.  plate  183  is  an  aeriied  mosaic  of  the  site.  The  levee  is  approxi- 
mately 2200  ft  from  the  Mississippi  River  and  has  a net  height  of  approx- 
imtely  23*5  ft*  Riverside  boirow  pits  5 to  10  ft  deep  and  5OO  to  ICOO 
ft  wide  extend  along  the  site,  and  in  some  locations  have  penetrated 
the  underlying  sand  stratum  but,  in  general,  the  pits  are  blanketed  by 
5 to  8 ft  of  silts  and  clay  silts.  River  stages  at  the  site  can  be  es- 
tinated  from  the  Natchez,  I4iss.,  gage  and  the  graph  on  plate  19I. 

517*  History  of  underseepage.  During  the  1937  High  water,  when 
H = about  14.7  ft,  heavy  underseepage  was  reported  between  sta  3597  and 
3637;  numerous  small  sand  boils  were  reported  between  sta  36IO  and  3625. 

A l|o:ge  seepage  berm  approximately  6 ft  thick  at  the  levee  toe  and  200 
ft  wide  was  constructed  in  19*t0.  Sections  of  the  berm  are  shown  on  plates 
193-195*  During  a high  water  in  1945  (H  = 11.4  ft),  medium  underseepage 
was  reported  from  the  levee  toe  to  a distance  500  ft  landward  between 
sta  3597  and  3625.  Light  underseepage  was  observed  landward  of  the  levee  j 

j 

between  sta  3597  and  3625  during  the  1950  high  water  (H  = 9*4  ft),  but 
no  sand  boils  were  reported. 

518.  Piezometer  installation.  In  1948  four  lines  of  piezometers 
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C,  D,  and;  E)i  were  placed/ |ierpendicu2jar  to  the  levee.  Some  of  the 
piezometers  on  p,hes  B and  E were  installed  riverward  of  the  levee.  Ad- 
ditional piezometers  (line  A);  were  installed  along  the  landside  toe  of 
the  seepage  heim.  Piezometer  readings  of  consequence  were  first  obtained 
dieting  the  1950 -hi^  water. 

Geology  of  site  and  soil  conditions 


519*  ®ie  general  geology  of  the  site  is  ilD.ustrated  on  plate  lolj 
the  type  and  thickness  of  top  stratum  deposits  are  shown  in  more  detail 
on  plate  192.  ^e  site  is  located  on  point  bar  deposits  laid  down  when 
the  river  shifted  its  channel  from  course  21  to  course  l4  (see  plate  l8l). 
Tlie  site  as  discussed  in  this  report  is  located  in  former  river  course 
12-.  Numerous  shallow,  clay-filled  swales  trending  approximately  normal 
to  the  levee  extend  under  the  levee  and  for  some  distance  landward.  An 
exceptionally  broad  and  deep  c2.ay -filled  swale  roughly  parallels  the  levee 
on  the  riverside  at  a distance  of  about  I7OO  to  18CO  ft  (plates  I92  and 
193)*  In  general,  the  surface  geology  landward  of  the  levee  for  ICCO  ft 
consists  of  a thin  top  stratum  of  clays  and  clay  silts  2 to  5 ft  thick, 
underlain  by  sandy  silts  and  silty  sands  2 to  5 ft  thick.  The  top  stratum 
is  rather  variable  as  regards  both  character  of  soil  and  thickness.  The 
upper  clay  stratum  riveiward  of  the  levee  has  been  completely  removed  as 
a result  of  borrow  operations.  Silty  auid  clayey  natural  levee  deposits 
coyer  much  of  the  site,  and  it  is  possible  that  most,  if  not  all  of  the 
fine-grained  top  stratum  is  natural  levee  deposits.  Owing  to  the  diffi- 
culty of  separating  natural  levee  deposits  from  the  underlying  fine-grained 
top  stratum  of  point  bar  material,  no  distinction  between  the  two  has 
been  made  on  the  soil  profiles. 

520.  Relation  of  underseepage  to  geology.  Geologically,  the  top 


stratum  deposits  are  essentially  of  the  same  chsiracter  and  vary  only  as 
is  normal  for  point  bar  deposits.  The  only  relation  between  geology  and 
location  of  sand  boils  reported  during  the  1937  high  water  between  sta 
3610  and  3625  is  that  their  location  coincides  quite  well  with  that  reach 
of  top  stratum  along  the  levee  toe  where  the  top  stratum  is  thinnest  (see 
plate  192).  Although  the  clay-filled  swale  riverward  of  the  levee  is 
quite  wide  and  probably  as  deep  as  40  ft,  it  is  not  considered  to  have 


any.  significant  effect  on,  seepage  flow,  in  that  seepage  may  enter  the 
pervious  foundation  at  the  riverhank  and  throu^  riverside  borrow  pits. 

521.  Soil  profiles  and  piezometer  lines.  The  locations  of  piezom- 
eters and  lorings  are  shown  on  plates  I8I  and.  192.  Soil  profiles  and  pi- 
ezometer linco  both  perpendicular  and  parallel  to  the  landside  toe  of  the 
levee  are  ohown  on  plates  193-195 • Because  of  inability  to  always  deter- 
mine the  bottom  of  the  top  stratum  at  this  site,  the  tips  of  a number  of 
piezometer^j  were  set  at  two  different  elevations  at  the  same  location  to 
dete.Liiine  the  hydrostatic  pressure  more  precisely  beneath  or  in  the  top 
stratum. 

522.  The  sediments  making  up  the  top  stratum  in  the  point  b^  area 
V2^  from  lean  clay  to  silty  sand.  In  general^  they  consist  of  1 to-  5 ft 
of  lean  clay  or  clay  silt  underlain  by  2 to  5 ft  of  silty  sands  and  sandy 
silts.  There  probably  are  some  slightly  deeper  clay  swales  in  the  area 
which  were  not  encountered  by  the  boring  explorations. 

523.  The  pervious  substratum  consists  of  alternating  strata  of 
fine  to  medium  sands  arid  has  an  estimated  thickness  of  approximately  l40 
ft?  The  effective  permeability  of  the  sand  stratum  at  this  site  is  es- 
timated to  be  about  5C0  x 10"^  cm  per  sec,  or  only  I/3  to  l/2  of  that  at 
most  piezometer  installations  in  the  Memphis  ^d  Vicksburg  Districts? 

The  seepage-carrying  capacity  of  the  aquifer  is  low  which  is  probably 
the  reason  that  imderseepage  at  this  site  was  not  more  serious  during 
the  hi^  waters  occurring  to  date. 

Analysis  of  piezometric 
arid  seepage  data 

524.  River  stages  and  piezometer  readings  observed  dviring  the  1950 
high  water  are  plotted  on  plates  I96  and  197*  At  the  crest  of  this  high 
water  H was  about  10  ft.  Piezometric  gradients  existing  in  the  pervious 
substratum  beneath  the  levee  along  piezometer  lines  B,  D,  and  E,  perpen- 
dicular to  the  levee,  are  shown  for  selected  river  stages  on  plates  198 
arid  199.  The  hydrostatic  head  along  the  toe  of  the  levee  as  measured  by 
piezometers  along  line  A is  also  plotted  on  plate  199;  and  at  the  1950 
crest  ranged  from  about  0.5  to  2.0  ft  above  the  average  elevation  of  the 
ground  surface.  Little  difference  in  head  existed  between  piezometers 
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immediately  "beneath  the  top  stratum  and  those  about  4 to  5 ft  deeper 
along  the  toe  of  the  levee,  as  shown  on  plate  199  (line  A) , Excess  heads 
above  the  ground  surface  were  observed  only  a short  distance  landwtird  of 
the  levee,  as  shown -on  plates  I98  and  199?  A summary  of  information  per- 
taining to  the  site  and  the  results  of  analysis  of  piezometric  and  seepage 
data  subseq,uently  discussed  are  given  in  table  28. 

525.  Source  of  seepage.  Seepage  may  enter  the  pervious  aquifer 
throu^  the  bank  and  bed  of  the  Mississippi  River,  approximately  2200  ft 
distant,  and  also  through  riverside  borrow  pits  excavated  along  the  levee. 

526.  Values  of  s at  piezometer  lines  B,  D,  and  E during  the  1950 
high  water  are  plotted  in  fig.  4l.  The  values  of  s shown  in  fig.  4l 
and  plates  198  and  I99  indicate  that  seepage  enters  the  sand  substratum 
primarily  through  both  riverside  borrow  pits  and  the  natural  top  stratum 
riverward  of  the  levee.  A portion  of  the  natural  blanket  has  been  re- 
moved in  the  borrow  pits  at  lines  B and  D (plates  194-195)  and  almost  all 
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Fig.  4l.  Distances  to  effective  seepage  source  and  exit. 

Hole -in-the -Wall,  lines  B,  D,  and  E 

of  the  top  stratum  has  been  removed  in  the  bottom  of  the  borrow  pits 
riverside  of  the  levee  at  line  E,  plate  193*  In  general,  some  thin  strata 
of  silty  sands  and  sandy  silts  remain  in  the  bottoms  of  the  borrow  pits 
along  the  site.  At  piezometer  line  B,  s was  about  II50  ft  at  the  crest 
of  the  1950  high  water.  As  excess  heads  first  developed  landward  of  the 
levee  at  a river  stage  of  about  8 ft,  a state  of  truly  artesian  flow  did 
not  exist  at  lower  river  stages.  As  a result,  values  of  s determined 
for  river  stages  less  than  8 ft  may  not  be  reliable.  At  lines  D and  E, 
s was  about  21C0  and  I85O  ft,  respectively,  at  the  crest  of  the  1950 
high  water.  Because  values  of  s that  are  considered  reliable  were  ob- 
tained only  at  about  the  1950  crest,  it  was  difficult  to  determine  any 
trend  in  s with  river  stage.  Therefore,  it  was  assumed  that  at  the 
pro^ject  flood  s would  be  the  same  as  at  the  1950  crest.  It  should  be 
noted  that  values  of  s are  comparatively  large  considering  the  fact 
that  the  top  stratum  remaining  in  the  bottom  of  the  borrow  pits  is 
probably  relatively  pervious. 

527.  Seepage  exit.  Values  of  are  plotted  vs  corresponding 
river  stages  in  fig.  4l  for  the  I95O  high  water.  As  explained  above, 
since  artesian  flow  conditions  did  not  develop  beneath  the  levee  until 
near  the  crest  of  the  flood,  values  of  x^  obtained  at  river  stages  less 
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than  el  7^  maaningless.  P^ter  excess  heads  developed  above  the 
ground  Surface,  the  apparent  values  of  increased  considerably  as  the 
river  rose.  At  3J.nes  D and  E,  x^  was  about  600  and  3OO  ft,  respectively, 
at  the  flood  crest.  At  piezometer  line  B,.  the  landward  extension  of  the 
portion  of  the  gradient  line  beneath  the  levee  intersected  the  ground 
surface  riverward.  of  the  landside  berm  toe  during  the  entire  I95O  Hil^ 
water  and  as  a result  all  values  of  .x^  meaningless.  The  relation- 
ship between  x^  and  river  stage  as  shown  in  fig,  4l  for  stages  in  ex- 
cess of  the  1950  flood  was  confuted  from  equation  3I  piezometer  read- 
ings .plotted  agaiMt  river  stage  extrapolated  to  the  project  flood  '(^for 
example,  see  plate  ^O).  It  should  be  noted  that  at  line  B,  all  values 
of  x^  shown  in  fig.  4l  were  estimated,  as  measured  values  of  x^  dur- 
ing the  x950  hi^  water  were  negative.  Although  x^  at  lines  E and  B 
should  be  about  the  same,  ina^uch  as  the  j^^ide  top  Stratum  at  both 
lines  consists  of  about  8 ft  of  clay  and  sandy  silt,  the  estimated  values 
of  x^  at  line  B were  considerably  less.  On  the  basis  of  the  maximum 
computed  hydrostatic  head  that  can  exist  landward  of  the  levee  at  the 
project  flood  stage  (assuming  i = 0.85),  x is  estimated  at  about 
100  to  700  ft  for  the  project  flood  stage.  As  seen  from  fig.  4l, 
will  probably  increase  \mtil  the  river  rises  to  about  el  80  (H  s I5  ft), 
at  which  time  seepage  and  sand  boils  landward  of  the  levee  will  probably 
be  sufficient  to  cause  a reduction  in  x^  for  subsequent  rising  river 
stages. 

528.  Thickness  and  permeability  of  substratum  sands.  The  pervious 
substratum  at  Hole-in-the-Wall  consists  of  a deep  stratum  of  pervious 
sands,  varying  in  gradation  from  fine  to  medium,  and  having  axi  effective 
thickness  of  about  13O  ft.  The  gradations  of  typical  foundation  sands 
at  the  site  are  plotted  on  plate  I9I.  The  permeability  of  the  pervious 
substratum  was  estimated  from  grain-size  data  to  be  500  x 10  cm  per 
sec,  or  only  one-third  to  one-half  of  that  at  most  piezometer  installa- 
tions upstream  of  this  area.  Values  of  as  estimated  from  laboratory 
permeability  tests  and  grain  size  data  are  given  in  table  28. 

529*  Thickness  and  permeability  of  top  stratum.  The  top  stratum 
landward  of  the  levee  consists  of  a surface  layer  of  clay  miderlain  by 


sandy  silts  and  silty  sands,  the  total  thickness  of  which  varies  between 
about  5 and  8 ft.  3he  effective  thickness  of  the  top  stfatim  used  in  the 
seepage  analyses  made  at  piezometer  lines  B,  D,  ^d.  E is  given  in  table 
28.  5Dhe  estimate!  permeability  of  the  combined  top  stratum  thickness 
(clays  and  silts)  at  the  crest  of  the  I95O  high  water  v^ied  between  0.7 
and  6 x 10“^  cm  per  sec. 

530*  Permeability  ratio.  The  ratio  of  permeability  of  the  founda- 
tion to  that  of  the  top  stratum  was  estimated  at  about  JOO  for  piezometer 
line  D and  only  80  ai  line  E at  the  1950  high-^/ater  crest.  Estimates  of 
the  permeability  ratio  for  the  project  flood  at  lines  By  D,  and  E are 
given  in  table  28 v 

531*  Seepage  flow.  Seepage  passing  beneath  the  levee  at  the  crest 
of  the  1950  high  water,  and  for  the  project  flood,  was  estimated  using 
the  corresponding  values  of  H , s , and  for  these  floods  (see  table 
28) . At  the  1950  crest,  the  natural  seepage  passing  beneath  the  levee 
was  computed  to  be  about  1|0  gpm  per  100  ft  of  levee  or  Q_/H  = 4 gpm.  At 
project  flood  stage,  it  is  estimated  that  may  amount  to  as  much  as 
90  to  180  gpm  per  1(X)  ft  of  levee  (Qg/S  = about  h to  8 gpm) . On  the 
basis  of  these  data,  natural  seepage  at  Hole -in-the -Wall  during  high 
waters  can  be  cH^ssed  as  medium. 

532.  Landside  substratum  pressxures.  Hydrostatic  pressures  that 
developed  along  the  toe  of  the  berm  (line  A)  at  the  crest  of  the  1950 
high  water  acre  shown  on  plate  199»  Hydrostatic  heads  landward  of  the 
levee  at  the  I95O  crest  are  shown  on  plates  198  and  199*  Readings  of 
selected  piezometers  at  the  toe  of  the  levee  vs  river  stages  are  plotted 
on  plate  200.  The  head  on  the  levee,  top  stratum  characteristics,  sub- 
stratum pressures,  and  the  upweird  gradient  through  the  tc^)  stratum  at 
certain  typical  piezometers  are  given  in  table  29. 

533*  The  data  on  plates  196-I97  show  that  considerable  time  was 
required  for  the  ^buhd-water  storage  landward  of  the  levee  to  fill,  and 
the  piezometers  landward  of  the  levee  did  not  record  excess  heads  until' 
about  30  days  after  the  river  reached  bankfull  stage.  Excess  heads  leind- 
ward  of  the  levee  did  not  begin  to  develop  until  H = about  8 ft.  This 
considerable  lag  in  the  development  of  excess  heads  is  attributed  to  slow 
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filling  of  the  natural  ground  storage  landward  of  the  levee  as  the  river 
rose  hecause  of  the  a^arent  relatively  great  distances  to  the  source  of 
seepage  and  the  low  permeability  of  the  foundation  compared  to  that  of 
the  other  sites  farther  upstream. 

534.  Uplift  pressures  during  the  195O  high  water  were  not  great 
enough  to  cause  any  known  sand  boils  landward  of  the  levee,  and  in  gen- 
eral only  light  to  medium  underseepage  occmred  at  the  site.  The  fact 
that  no  sand  boils  occurred  can  probably  be  attributed  to  the  low  head 
of  water  against  the  levee  (about  10  ft),  the  low  , and  the  relatively 
great  distance  to  the  source  of  seepage.  However,  based  on  plots  on 
plate  2G0  and  data  in  table  29,  it  appears  that  critical  uplift  pressures 
will  develop  landward  of  the  levee  at  river  stages  higher  than  approxi- 
mately 10  to  16  ft.  The  project  flood  stage  will  create  an  H of  about 
24  to  25  ft. 

535*  Excess  heads  landward  of  the  levee  ranged  from  about  0.5  to 
2.0  ft  at  the  crest  of  the  1950  high  water,  or  about  5 to  1^  H . It  is 
believed  that  excess  heads  of  about  2 to  6 ft  will  be  required  before 
sand  boils  will  occur.  Estimated  gradients  through  the  top  stratum  at 
the  crest  of  the  1950  high  water  were  ccng>aratively  low  and  varied  be- 
tween 0.13  and  0.54  (table  29). 

Evaluation  of  seepage  problem  and 
recommendations  for  control  measures 

536.  An  H of  about  10  ft  during  the  1950  high  water  was  not 


siifficient  to  develop  sand  toils  at  the  site . However,  the  width  of  the 
existing  berm  is  not  believed  adequate  to  prevent  the  development  of 
critical  substratum  pressmres  and  sand  boils  landward  of  the  berm  toe  at 
net  heads  higher  than  about  12  to  I5  ft.  As  H during  project  flood 
will  be  about  24  ft,  either  a moderate  extension  of  the  present  berm  or 
installation  of  relief  wells  to  supplement  it  is  reconaaended.  The  exist- 
ing berm  is  considered  to  have  adequate  thickness  (see  plate  I98). 

Kelson,  Louisiana 

537.  Ifelson  was  selected  for  study  and  installation  of  piezometers 
because  it  was  considered  representative  of  sites  where  the  levee  is 
underlain  by  natural  levee  deposits  of  sandy  silt  in  turn  underlain  by 
thick  clay  and  then  pervious  sand.  Heavy  luiderseepage  had  been  reported 
in  1937  Kelson. 

Description  of  site 

538*  The  site  is  located  on  the  west  bank  of  the  Mississippi  River 
approximately  I5  miles  north  of  Baton  Rougej  la.  Plans  of  the  site, 
river,  borrow  pits,  surface  geology,  topography,  and  piezometer  layout 
are  shown  on  plates  201  and  plate  203  is  an  aerial  mosaic  of  the 
site.  The  site,  as  discussed  in  this  report,  extends  from  levee  sta  2672 
to  2710.  The  levee  is  located  approximately  8CO  ft  from  the  bank  of  the 
Mississippi  River;  however,  as  shown  on  plate  202,  a wide,  flat  sand  bar 
lies  between  the  top  of  bank  and  normal  channel  of  the  river.  Tlie  levee 
has  a net  neight  of  approximately  22  ft.  Rather  extensive  borrow  pits 
have  been  excavated  riverward  of  the  levee  as  shown  on  plates  S32,  204, 
and  205,  but  these  pits  have  not  penetrated  the  deep  underlying  sands. 
River  stages  at  the  site  can  be  estimated  from  the  Baton  Rouge  gage  and 
the  graph  on  plate  211. 

539 • History  of  underseepage.  During  the  1937  high  water,  when 
H = 18  ft,  heavy  underseepage  was  reported  along  the  toe  of  the  levee 
and  in  fields  landward  between  sta  2680  and  2?5G*  No  seepage  was  ob- 
served during  the  I950  high  water,  which  created  a sustained  head  of 
almost  17  ft  on  the  levee  for  several  weeks.  In  view  of  the  lack  of 
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seepage  in  1950  and  soil  conditions  subseq,uently  discussed,  the  report 
of  heavy  vmd^seepage  during  the  1937  high  water  is  questionable, 

540.  Piezonseter  installation.  In  1948  one  line  of  piezbisters 
was  installed  perpendicular  to  the  levee  at  sta  2700t-71  (line  B).  In 
general  the  tips  of  the  piezometers  were  installed  in  a silty  stratvun 
beneath  a stirface  clay  stratum.  The  first  readings  were  obtained  during 
the  1950  hi^-water  period. 

Geology  of  site  and  soid,conditions 

541.  The  general  geology  of  the  site  is  illustrated  on  p^te  201; 
the  type  and  thickness  of  the  top  stratum  are  shown  in  more  det^l  on 
plate  202.  ^e  site  is  located  mainly  on  channel  fill  and  natural  levee 
deposits.  Ihe  channel  filling  of  clay  underlying  the  site  was  deposited 
in  former  river  course  13  after  a chute  cutoff  occurred  in  this  stage 
some  distance  upstream.  The  clayey  filling  in  this  old  channel  varies 
from  10  to  15  ft  in  thidmess  (plate  204).  Subsequent  to  the  filling  of 
river  course  16  the  area  was  covered  by  nattual  levee  deposits  conposed 
largely  of  clayey  silts  and  sandy  silts  to  a depth  of  about  10  ft.  The 
levee  is  foxmded  directly  on  these  natural  levee  deposits. 

542.  Relation  of  underseepage  to  geology.  At  the  time  the  Kelson 
site  was  selected  for  investigation  there  was  no  reason  to  doubt  the  heavy 
underseepage  reported  during  the  1937  hi^  water.  Accordingly  a detailed 
investi^tion  was  begun  to  learn  whether  the  cause  of  the  reported  heavy 
imderseepage  was  the  natural  levee  deposits  immediately  xmder  the  levee 

or  the  result  of  seepage  and  pressure  in  the  deep  underlying  pervious 
foundation. 

543.  It  now  appears  that  any  iinderseepage  occurring  at  this  site 
in  1937  can  be  related  only  to  seepage  tlirough  silt  seams  in  the  lower 
par**  of  tte  natxiral  levee  deposits  underlying  the  levee.  Seepage  prob- 
ably ^ined  access  to  these  silt  seams  where  they  had  been  exposed  in 
the  sides  of  the  riverside  borrow  pits.  Appreciable  seepage  from  the 
underlying  sand  substratum  appears  to  be  precluded  by  the  presence  of 
the  thick  silt  and  clay  beds  that  underlie  the  site,  and  the  fact  that  no 
seepage  was  observed  during  the  1950  high  water.  The  combined  silt  and 
clay  strata  seem  to  be  sxifficiently  thick  to  withstand  any  substratum 
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pressures  that  might  develop  in  the  lower  sands,  even  at  project  flood 
stage.  The  clay  and  silt  deposits  filling  river  course  13  have  no  in- 
fluence on  the  development  of  seepage  through  the  natural  levee  deposits 
under  the  levee  or  from  the  deeper  underlying  sands,  since  the  natural 
levee  deposits  laid  down  during  courses  19  and  20  extend  without  inter- 
ruption across  toth  courses  9 and  13,  and  the  upper  clay  strata  in  course 
13  are  no  thicker  than,  if  as  thick  as,  the  clay  top  stratum  between  the 
levee  and  course  13 . 

5*^^*  Soil  profiles  and  piezometer  lines.  The  locations  of  piezom- 
eters ard  borings  are  shown  on  plates  202  and  2Q3.  Soil  profiles  and 
piezometer  lines  both  perpendicular  and  parallel  to  the  landside  toe  of 
the  levee  are  shown  on  plates  204-206.  The  tips  of  the  piezometers,  ex- 
cept for  piezometer  A-5,  are  located  within  the  natural  levee  deposits 
underlying  the  levee.  The  tip  of  piezometer  A-5  is  located  beneath  the 
previously  discussed  clay-channel  filling  that  covers  the  area  and  ?.s  at 
such  elevation  that  it  is  believed  to  reflect  the  hydrostatic  head  in  the 
underlying  pervious  sand  formation  fairly  accurately. 

5^5*  The  natural  levee  deposits  are  quite  heterogeneous  in  charac- 
ter and  thickness.  At  piezometer  line  B,  they  consist  essentially  of 
sandy  silts  approximately  5 to  8 ft  thick  extending  from  the  riverside 
toe  of  the  levee  to  ICO  to  2C0  ft  landward.  At  line  B the  sandy  silts 
are  overlain  by  1 tc  2 ft  of  more  ingjervious  silty  clay.  Variations  in 
the  type  and  thickness  of  the  natural  levee  deposits  are  well  illustrated 
by  the  logs  of  borings  shown  on  plates  204  and  205. 

5^6.  Relatively  little  exploration  was  made  of  the  pervious  sand 
formation  underlying  the  site.  Prom  other  geological  information,  the 
thickness  of  the  sand  was  estimated  to  be  approximately  90  ft.  The  upper 

to  50  ft  of  this  sand  stratum  consists  of  very  fine  sand.  Laboratory 
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tests  on  remolded  samples  indicate  a permeability  of  about  2 x 10  cm 
per  sec  (see  boring  2-X,  plate  204);  however,  these  sands  probably  have 
a -considerably  higher  k^  in  situ.  No  information  is  available  on  the 
permeability  of  the  lower  sands. 


Analysis  of  piezometric 
and  seepage  data 

5^7.  River  stages  ^d  piezometer  readings  observed  at  Kelson  during 
the  1950  hi^  water  are  plotted  on  plates  207  and  208.  This  high  water 
created  a maximum  H of  about  I7  ft,  or  only  5 ft  below  project  flood 
stage.  Piezometric  gradients  in  the  silt  stratum  beneath  the  levee  are 
shown  for  selected  river  stages  on  plate  209. 

548.  Nc  hydrostatic  head  was  observed  in  the  silt  stratum  above 
ground  surface  during  the  1950  high  water.  However,  an  excess  head  of 
4.6  ft  did  exist  beneath  the  thick  clay  stratum  underlying  the  levee. 

549.  A summary  of  information  pertaining  to  the  site  and  the  re- 
sults of  analyses  of  seepage  and  piezometric  data  subsequently  discussed 
are  given  in  table  30. 

550.  Soiirce  of  seepage.  The  only  known  source  of  seepage  into 
the  deep  underlying  sands  is  in  the  channel  of  the  existing  river  or 
through  the  sand  bar  shown  on  plates  202  and  204.  Seepage  can  enter  the 
sandy  silt  stratum  of  the  lower  part  of  the  natural  levee  deposit  through 
the  levee  side  of  the  riverside  borrow  pits  (see  plates  204  and  2O5).. 

551*  The  distance  to  the  effective  source  of  seepage  entry  into 
thj  silt  stratiun  beneath  the  levee  during  the  1950  high  water  is  plotted 
in  fig.  42.  The  data  plotted  on  plate  209  and  in  fig.  42  show  that  at 
line  B the  seepage  enters  the  silt  stratum  in  the  bottom  of  the  borrow 
pit  adjacent  to  the  levee,  s being  only  250  ft  from  the  landside  toe 
of  the  levee.  The  value  of  s decreased  somewhat  as  the  river  rose. 

G?his  possibly  can  be  attributed  to  scouring  away  of  impervious  materials 
which  may  have  accumulated  over  the  closed  face  of  the  silt  stratimi  in 
the  riverside  borrow  pit.  It  was  not  possible  to  estimate  the  distance 
to  the  effective  source  of  seepage  entry  into  the  deep  sand  formation 
from  the  one  piezometer  set  in  this  stratum. 

552.  Seepage  exit.  Values  of  x^  for  the  silt  stratum  beneath 
the  levee  eure  plotted  vs  corresponding  river  stages  in  fig.  42  for  the 
1950  high  water.  The  average  at  the  crest  of  the  I95O  high  water 
was  about  50  ft.  The  very  short  disteince  to  the  seepage  exit  is  attrib- 
uted to  the  practically  complete  lack  of  top  stratum  over  the  silty 
stratum  landward  of  the  levee. 


Values 


Factor 


River  stage  (crest) 

48.7 

53.7 

53.7 

Average  el  of  grouM  or  tailvater 

32.0 

32.0 

32.0 

Head=  oq  levee  (H) 

16.7 

21.7 

21.7 

Piezooeters  used  In- analysis 

A-1,  -2,  -3 

— 

Riverside  borrow  pit,  width,  ft 

300 

stratum* 

15  f.t  clay 
20  ft  Sd  Si 

Average  atratu^ 

15  ft  clay 

— 

15  ft  clay 

Distance  from  riveraide  levee  toe  to  river  (lij)  + 

1000 

Base  width  of  levee  (L2) 

180 

Landward  extent  of  t^  stratum  (L*)+t 

400 



j 

1000* 

— 

— 

Distance  to  effective  seepage  source  (c) 

250 

mmmm 

Effective  length  of  riverside  blanket  (x^) 

70 

— 

— 

Distance  to  effective  seepage  exit  (x^) 

50 

20 

50 

Effective  thickness  of  sand  substratum  (d)'t't 

6 

mmmm 

6 

90t 

— 

90 

Permeability  of  substratum  (kf  x lo'**  cm/sec) 

5 

5 

5 

Laboratory  permeability  tests+t 

0.6 

.... 

.... 

Grain  size  vs  I>10»  17) 

— — 

.... 

Seepage  and  piezoaetric  data 

— 

.... 

Field  pumping  tests 

— 

.... 

Well  flow  and  piezoosetrlc  data 

— - 

— — 

.... 

Top  stratum,  type 

Si  Cl 

.... 

Effective  thickness  for  seepage  analysis  (z.. )♦♦ 

2 

- — . 

— 

Critical  thickness  (z. ) 
Permeability  (k^^^  x lo”  cm/sec  )+t 

2 

— 

— 

0.025 

0,15 

— 

Piezometric  data  and  blanket  formulas 

0.024 

0,15 

.... 

Piezczuetric  data  and  seepage  measurements 

— 

— 

— 
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Fig.  42.  Distances  to  effective  seepage  source  and  exit. 

Kelson,  line  B 

553*  Thickness  and  permeability  of  silt  stratum.  The  natviral 
levee  deposit  of  sandy  silt  underlying  the  levee  at  Kelson  has  numerous 
discontinuities  and  is  quite  variable  in  thickness;  it  has  an  average 
thiclmess  of  about  6 ft.  The  gradations  of  samples  of  this  silt  are 
plotted  on  plate  211.  Laboratory  tests  on  remolded  samples  of  the  sandy 
silt  gave  a pemeability  Of  0.6  x 10“^  cm  per  sec;  however,  it  is  esti- 
mated that  the  horizontal  permeability  of  this  stratum  in  situ  is  about 
-4 

5 X 10  cm  per  sec. 

554.  Thickness  and  permeability  of  top  stratum.  The  top  stratum 
of  silty  clay  over  the  sandy  silt  at  line  B is  only  1 to  2 ft  thick.  At 
line  A the  san^  silt  stratum  is  only  2 to  3 ft  thick  and  is  not  overlain 
by  any  impervious  top  stratum  (see  plates  204  and  205).  The  deeper  and 
somewhat  thicker  sandy  silt  at  line  A does  not  extend  landward  of  the 
levee.  Although  estimated  values  of  the  permeability  of  the  top  stratum 
at  line  B are  shown  in  table  30  they  are  not  considered  to  be  reliable. 

555*  Permeability  ratio.  The  ratio  of  permeability  of  the  sandy 
silt  stratum  to  that  of  the  top  stratum  at  piezometer  line  B at  the  crest 
of  the  1950  high  water  was  estimated  to  have  been  200;  however  this  value 
is  not  considered  very  reliable, 

556.  Seepage  flow.  Seepage  passing  through  the  sandy  silt  stratum 
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"beneath  the  levee  at  line  B was  estinated  for  the  crest  of  the  1950  hi^ 
water,  and  for  the  project  flood,  using  corresponding  values  of  H , s , 
and  for  these  floods  (see  ta'ble  30) . The  natural  seepage  passing 
beneath  the  levee  at  the  I95O  crest  was  estimated  to  "be  about  0.25  gpm 
per  ICO  ft  of  leveej  at  project  flood  stage  the  seepage  would  probably 
increase  to  about  0.35  gpm*  Q /H  was  estimated  as  being  only  O.615  gpm 

-S- 

per  100  ft  of  levee.  Thus  the  Miount  of  seepage  passing  through  the 
natural  levee  deposits  under  the  levee  is  extremely  small.  On  the  basis 
of  the  hydraiillc  gradient  line  shown  on  plate  209,  practically  all  the 
seepage  passing  beneath  the  levee  apparently  emerges  immediately  land- 
ward of  the  toe  of  the  road. 

557.  Landside  substratum  pressures.  Hydrostatic  pressures  develop- 
ing at  and  landward  of  the  toe  Of  the  levee  during  the  195O  high  water 
are  shown  for  line  B on  plate  S39.  A plot  of  the  estimated  pressure  in 
the  sandy  silt  stratm  at  the  I^dside  toe  of  the  road  at  Kelson  is  shown 
on  plate  210j  a similar  plot  of  the  pressure  in  the  deep  underlying  sands 
as  measured  by  piezometer  A-5  vs  river  stages  is  also  shown.  The  head 
on  the  levee,  top  stratum  characteristics,  substratum  pressures,  and  the  j 

gradient  through  the  top  stratum  at  certain  typical  piezometers  are  given  i 

in  table  31.  \ 

558*  Uplift  pressures  that  developed  during  the  I950  high  water  \ 

I 

were  not  great  enough  in  either  the  sandy  silt  or  the  xmderlying  deeper  i 
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sands  to  cause  any  sand  boils  landward  of  the  levee.  The  thickness  and 
permeability  of  the  natural  levee  silts  underlying  the  levee  are  not  ^eat 
enou^  to  permit  development  of  sufficient  seepage  flow  and  excess  head 
to  cause  sand  boils.  On^  light  seepage  and  possible  softening  of  the 
ground  at  the  toe  of  the  levee  is  expected  to  occur  at  the  site.  In  view 
of  the  information  derived  from  this  investigation  and  the  fact  that  ho 
seepage  or  sand  boils  were  observed  either  along  the  levee  toe  or  in  the 
fields  at  the  crest  of  the  1950  high  water,  which  was  only  1 ft  l6wer 
than  the  maximum  stage  experienced  during  the  1937  high  water,  it  is  dif- 
ficult to  understand  how  the  heai^  underseepage  reported  along  this  reach 
could  have  occurred. 

559*  Considerable  excess  head  did  develop  beneath  the  thick  clay 
stratum  at  the  Kelson  site  as  measured  by  piezometer  A-5.  A plot  of 
readings  of  this  piezometer  vs  river  stage  (plate  210)  indicates  that 
the  maximum  head  that  may  be  e:q)ected  to  develop  beneath  the  clay  strattim 
at  project  flood  stage  is  about  9 ft.  It  is  believed  that  the  thick  clay 
top  stratum  at  line  B can  withstand  an  excess  head  of  about  15  ft  with 
safety. 

Evaluation  of  seepage  problem  and 
recommendations  for  control  measvures 


560.  The  criteria  used  for  evaluating  the  safety  of  the  levee 

against  uplift  are  not  considered  applicable  to  the  sandy  silt  stratum 

beneath  the  levee.  For  such  a condition  the  safety  of  the  levee  against 

piping  probably  can  best  be  evaluated  from  consideration  of  the  creep 

4 

ratio  as  described  in  paragraph  111 . According  to  Bligh,  the  creep 
ratio  for  a continuous  stratum  of  very  fine  sand  or  silt  should  equal  or 

Op 

exceed  I8;  Lane  recommends  a wei^ted  ratio  of  8.5*  At  line  B,  C has 
a value  of  about  I3  or  l4.  Considering  the  fact  that  along  most  of  the 
Kelson  site  the  sandy  silt  stratum  beneath  the  levee  is  either  quite  thin 
or  noncontinuous,  it  is  doubtful  that  seepage  throu^  this  stratxim  pre- 
sents any  significant  danger  to  the  levee. 

561.  On  the  basis  of  field  observations  and  piezometer  readings 
obtained  at  the  crest  of  the  1950  high  water,  no  additional  seepage  con- 
trol measures  are  recommended  for  the  Kelson  site.  Also  no  relief  of 
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' substratum  pressures  is  needed  in  the  sand  foundation. 

Baton  Rouge,^  Louisiana 

562.  ^e  site  at  Baton  Rouge  was  selected  for  study  because  of  the 
serious  sand  boils  that  occurred  during  the  1937  hi^  water.  Rather  deep 
borrow  pits  have  been  excavated  between,  the  levee  and  river,  but  they  do 
not  penetrate  the  underlying  pervious  foundation  because  of  the  thicloiess 
of  the  top  stratum. 

Description  of  site 

563*  site  is  located  on  the  east  bank  of  the  Mississippi  Reiver 
a short  distimce  south  of  Baton  Rouge,  La. , and  lies  principally  between 
the  river  and  Louisiana  State  University,  The  levee  at  this  site  is  lo- 
cated only  about  600  ft  from  the  river  and  has  a net  height  of  23  ft. 

The  site  extends  from  about  levee  sta  55  to  110,  Plans  of  the  site, 
river,  borrow  pits,  surface  geology,  and  piezometers  are  shown  on  plate 
212;  plate  213  is  an  aerial  mosaic  of  the  site.  No  contour  maps  of  the 
site  were  made  because  the  terrain  landward  of  the  levee  has  practically 
no  relief^  varying  only  a foot  or  so  in  elevation  over  the  entire  area. 
River  stages  at  the  piezometer  site  can  be  estimated  from  the  river  gage 
at  Baton  Rouge  and  the  graph  on  plate  211. 

564.  History  of  under seepage.  During  the  I937  high  water  (maximum 
H = 19  ft),  8 large  sand  boils  occurred  200  to  4COO  ft  landward  of  the 
levee  between  sta  74  and  II5.  It  was  determined  subsequently  that  these 
boils  occurred  at  locations  of  seismic  shot  points  made  in  connection 
with  geophysical  surveys.  Locations  of  most  of  these  sand  boils  are 
plotted  on  plate  212  and  photographs  of  the  boils  are  shown  on  plate  211. 

! 565*  During  the  1945  high  water  (maximum  H = 20  ft),  underseepage 

occurred  in  numerous  spots  from  the  levee  toi.  for  a distance  5OCO  ft  land- 
ward between  sta  74  and  II5.  Four  sand  boils  were  obsearved. 

566,  During  the  1950  high  water  (rcaxiraim  H = 17.4  ft),  some  under- 
seepage was  observed  emerging  in  drainage  ditches  in  the  fields  and  along 
the  roads  over  an  area  extending  1/2  mile  landward  of  the  levee  between 
sta  74  to  115.  Four  fairly  large  sand  boils  occurred  at  the  crest  of  "he 
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by  silts  interspersed  with  numerous  tMnner  strata  of  sands  and  clays,  to 
a depth  of  ^ to  35  ft.  These  lower  deposits  of  siits  are  frequently 
interspersed  with  Irregular  strata  of  fine  sands  and  clays.  The  tops  of 
some  of  the  buried  sandy  silt  and  silty  sand  ridges  are  within  5 to  10 
ft  of  the  groimd  surface  in  some  locations.  In  some  areas  within  the 
site  the  total  thickness  of  the  top  stratum  is  as  much  as  50  f't*  Profiles 
of  soil  conditions  are  shown  on  plates  214-217. 

571«  It  is  interesting  to  note  that  the  swale  fillings  generally 
do  not  extend  below  the  base  of  the  fine-grained  top  stratum,’  and  for 
this  rea,son  several  shaU-OW  swales  visible  on  plates  212  and  213  have 
not  been  delineated  on  the  soil  profile  sheets.  The  alignment  of  ridges 
and  sweiles  is  at  an  angle  of  approximately  45°  to  the  levee.  The  thick 
clays  encountered  beyond  the  northeast  margin  of  course  7 represent  back- 
swamp  deposits  laid  down  in  deep  depressions  bordering  the  Prairie  ter- 
race (represented  by  the  white  areas  on  the  right-hand  side  of  plate  212). 
Up  to  10  ft  of  predominantly  clayey  natural  levee  deposits,  which  cannot 
be  distinguished  from  the  underlying  top  stratum  materials  with  respect 
to  grain  size,  cover  much  of  the  site.  The  height  of  the  natxiral  levee 
along  the  present  ccurse  of  the  Mississippi  River  bank  is  clearly  illus- 
trated on  plates  2l4  and  215. 

572.  Relation  of  vmderseepage  to  geology.  Under seepage  at  the 
site  appears  in  general  to  be  related  to  irregularities  in  the  thickness 
of  the  top  stratum.  According  to  Fisk,^  sheet  seepage  is  confined  to 
subsurface  sandy  ridges  between  swalesj  seepage  through  swales  is  prac- 
tically unknown.  In  some  reported  instances  during  previous  high  waters 
at  Baton  Rouge  sureas  between  swales  became  sufficiently  soft  to  bog  down 
farm  animals.  Such  conditions  probably  were  a result  of  excessive  sub- 
stratum pressures  and  concentration  of  seepage  rising  through  the  ground 
to  the  surface  in  areas  where  sandy  ridges  extend  almost  to  the  surface. 

573*  The  sand  boils  occurring  in  this  area  during  the  1937  flood 
ranged  in  size  from  minute  "crayfish  boils"  associated  with  areas  of  gen- 
eral  seepage  to  several  large  boils  which  required  sacking.  The  larger 
seuid  boils  were  studied  by  Fisk,  and  he  found  that,  without  exception, 
all  occurred  near  ridges  in  the  top  stratum.  Fisk  believes  that 
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development  of  most,  of  the  sand  boils  was  aided,  if  not  i^ii'biated,  by 
poorly  backfilled  seismic  shot  holes.  The  largest  boil  occurred  at  a 
^stance  of  about  600  ft  from  the  levee  toe;  however,  boils  actually  de- 
veloped at  locations  as  far  as  a mile  or  two  from  the  levee. 

57^*  The  top  stratum  at  the  site  is  sufficiently  thick  and  imper- 
vious to  permit  the  development  of  hi^  substratum  pressures  throughout 
the  entire  area.  With  such  a high  substratum  pressure  prevalent  over  the 
entire  site,  the  location  of  underseepage  and  sand  boils  is  particularly 
affected  by  irregularities  and  weak  spots  in  the  top  stratum  resulting 
from  either  artificial  or  nat\iral  occurences.  In  this  connection  it  is 
pointed  out  that  no  sand  boils  occurred  at  the  site  prior  to  the  1937 
flood  (H  = approximately  20  ft)  or  prior  to  the  period  (1935-1937)  when 
geophysical  parties  were  active  in  tracing  the  limits  of  the  LSU  oil 
field.  Considerable  general  seepage  but  no  large  sand  boils  occurred 
d^ing  the  I927  flood  (maximum  H = 22.8  ft).  Only  relatively  minor  sand 
bo_rs  occurred  during  either  the  1945  or  1950  higJi  waters, 

575*  Soil  profiles  and  piezometer  lines.  Soil  profiles  and  pi- 
ezometer lines,  both  perpendicular  and  parallel  to  the  lahdside  toe  of 
the  levee,  are  shown  on  plates  2l4  to  217 . In  initial  layout  of  the 
installation  most  of  the  piezometers  were  located  along  the  landside  toe 
of  the  levee  and  along  two  existing  roads  ( lines  A and  b)  which  are  more 
or  less  perpendicvilar  to  the  levee.  A number  of  individual  piezometers 
were  installed  at  locations  where  large  sand  boils  had  occurred  during 
the  1937  high  water*  Subsequent  to  the  initial  installation  a number  of 
additional  piezometers  were  installed  at  the  site  to  permit  better  de- 
lineation of  subsurface  pressiure  conditions  beneath  and  within  the  top 
stratum. 

576.  The  top  Stratum  has  been  described  imder  "Geology  of  site 
and  soil  conditions," 

577*  The  pervious  substratum  in  the  Baton  Rouge  area  was  not  ex- 
plored below  a depth  of  about  65  ft.  From  other  boring  data  available 
it  appears  that  the  sand  stratum  extends  to  a depth  of  about  210  ft, 
which  would  make  the  thickness  of  the  sand  aquifer  approximately  175  ft. 
On  the  basis  of  information  available  the  upper  30  ft  of  the  sand  varies 


frm  veiY  fine  to  coarse.  Little  is  toown  ^out  the  deeper  portion  ex- 
cept that  it  extends  out  to  the  channel  of  the  Mississippi  River,  ifeere 
is  no  information  regarding  th?  permeability  of  the  pervious  aquifer  at 
the  site. 

Amlysis  of  piezometric 
and  seepage  data 

578.  River  stages,  piezometer  readings  at  lines  A and  C,  and  rain- 
fall data  observed  at  the  Baton  Rouge  site  during  the  entire  year  of  1945 
are  plotted  on  plates  218  and  ZSl;  other  piezometer  data  for  the  1945 
high-water  period  are  shown  on  plates  219,  220,  and  222.  River  stage 
and  piezometer  readings  during  the  I95O  high  water  are  plotted  on  plates 
223  through  226.  At  the  crest  of  the  1945  and  I950  hi^  waters,  H was 
about  20  and  I7  ft,  respectively.  The  following  aneilysis  of  data  pri- 
marily pertains  to  conditions  observed  In  1950* 

579*  Piezometric  gradients  in  the  pervious  substratum  beneath  and 
landward  of  the  levee  at  piezometer  lines  A>  C,  and  E are  shown  on  plates 
227-229  for  selected  river  stages  during  the  1945  and  I95O  hi^  waters. 

The  hydrostatic  head  along  the  toe  of  the  levee  as  measured  by  piezometers 
along  line  G is  shoro  on  plate  23O.  These  plates  show  that  excess  heads 
of  about  15  to  16  ft  developed  at  the  levee  toe  throughout  the  entire 
reach  at  the  crest  of  the  195O  high  water.  Hydrostatic  heads  above  the 
ground  surface  of  about  10  to  12  ft  were  observed  as  fetr  as  3QC0  land- 
ward from  the  levee  (see  plates  227-229). 

580.  A.  summary  of  information  pertaining  to  the  site  and  results 
of  analyses  of  piezometric  and  seepage  data  eure  given  in  table  32. 

581.  Source  of  seepage.  Values  of  s determined  at  piezometer 
lines  A and  C during  the  1950  high-water  period  are  plotted  in  fig.  43; 
because  of  insufficient  data  for  piezometer  line  E,  s was  not  deter- 
mined at  this  line.  The  values  of  s shown  in  fig.  43  and  plates  227 
and  228  indicate  that  seepage  enters  the  sand  substratxaa  throu^  the  bank 
and  bed  of  the  Mississippi  River.  A certain  scattering  in  the  piezometric 
data  y&B  apparent,  which  affects  the  determined  values  of  s as  shown 

in  fig.  43.  A sli^t  decrease  in  s occurred  during  initial  rising 
stages;  at  the  crest  of  the  195O  flood  s was  about  800  ft  at  lines  A 
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and  C.  It  is  estinated  that  s wild  also  he  about  ^0  ft  at  these  ■^o 
piezon^ter  lines  at  project  flood  sta^  (see  fig.  43  and  table  32). 

582.  Seepage  exit.  The  values  of  x^  for  the  1950  hi^  water 
are  plotted  ys  corresponding  river  st^es  in  fig.  43.  At  piezometer  line 
A,  where  the  top  stratum  consists  of  about  30  ft  of  silt  and  clay, 

was  10,000  ft,  and  at  line  C,  where  the  top  stratvm  has  about;  the  sai^ 
thickness  as  at  line  A,  x^  was  U,SD0  ft  at  the  1950  crest.  These 
values  of  x^  are  considerably  greater  than  those  obtained  at  the  other 
sites  studied,  and  may  be  attributed  to  the  thick  top  stratum  at  the  site 
and  the  fact  that  the  weak  spots  caused  by  the  seismic  shots  have  appar- 
ently heeded,  at  least  to  the  extent  that  they  can  withstand  river  sl^es 
equal  to  those  occurring  during  1945  and  1950* 

583.  Thickness  and  permeability  of  substratum-.seuids.  Little  is 

known  regarding  the  exact  depth  and  characteristics  of  the  substratum 

semds.  On  the  basis  of  nearby  borings  and  geological  information,  it  is 

estimated  that  the  pervious  foundation  has  an  effective  thickness  of  175 

ft.  The  penoeability  of  the  substratum  was  estimated  from  natural  seepage 

measurements  and  piezometric  data  to  be  between  3OO  and  x 10“^  cm  per 

sec.  Results  of  these  determinations  are  siunmarized  in  table  32.  For 

-4 

analytical  pxirposes  it  was  assvuced  that  k^  = 500  x 10  cm  per  sec  at 
the  site. 

584.  Thickness  and  permeability  of  top  stratum.  The  average  top 
stratum  landward  of  the  levee  is  considered  to  have  an  effective  thick- 
ness of  about  30  ft;  see  plates  214-217.  However,  it  should  be  noted 
that  there  is  considerable  variation  in  the  character  and  thickness  of 
the  top  stratum  landward  of  the  levee.  On  the  basis  of  the  top  stratum 

thickness  listed  in  table  32,  k.  - computed  from  piezometric  data  ^s 

^ -4 

found  to  be  about  0.06  to  O.O9  x 10  cm  per  sec.  She  permeability  of 

the  top  stratum  from  measurements  of  natural  seepage  was  estimated  to  be 
-4 

0.05  x 10  cm  per  sec.  The  permeability  of  the  top  stratum  at  the  Baton 

-4 

Rouge  site  is  believed  equal  to  about  0.06  x 10  cm  per  sec.  This  com- 
paratively Isw  permeability  probably  can  be  attributed  to  the  greater  ex- 
tent and  thickness  of  clays  and  silts  at  this  site  as  corapeired  to  those 
at  other  piezometer  locations. 


585.  Permeability  ratio.  The  ratio  of  the  permeability  of  the 
foundation  to  that  of  the  top  stratum  was  estimated  at  piezometer  lines 

A and  C to  have  been  about  8400  and  9CCO,  respectively,  at  the  I95O  flood 
crest.  Similar  estinates  of  for  the  project  flood  are  given  in 

table  32. 

586.  Seepage  flow.  Seepage  passing  beneath  the  levee  at  lines  A 

and  C at  the  crest  of  the  1950  high  water,  and  for  the  project  flood,  was 

estimated  using  corresponding  values  of  H , s , and  for  these  floods 

(table  32).  The  estimated  seepage  at  the  1950  crest  was  about  ^ gpm  per 

ICO  ft  of  levee,  or  Q /H  = 1.2  gpm.  Q./h  as  determined  from  seepage 

measurements  during  this  high  water  was  about  0. 5 6P®*  comparing  the 

above  values  of  Q /e  and  Q./H  it  is  pointecL  out  that  Q /H  , as  de- 

teimined  from  piezometric  data  and  foundation  permeability  characteristics, 

represents  the  totel  seepage  flow  passing  beneath  the  levee,  whereas  the 

value  for  Q^/H  includes  only  the  seepige  emerging  between  the  levee  and 

the  landward  edge  of  the  seepage -measuring  point  landward  of  the  levee. 

Based  on  the  piezometric  and  seepage  data  obtained  during  the  1950  high 

water,  about  50  per  cent  of  the  above -confuted  Q was  emerging  land- 

s 

ward  of  the  levee  in  the  seepage -measuring  area.  From  these  data  it  may 
be  concluded  that  the  Baton  Rouge  site  is  not  subject  to  a high  rate  of 
natuTcil  seepage  and  even  during  a project  flood  stage  the  total  quantity 
of  seepage  passing  beneath  the  levee  will  probably  be  quite  smalls 

587.  landside  substratum  pressures.  The  hydrostatic  pressures 
which  developed  along  the  toe  of  the  levee  at  or  near  the  crest  of  the 
1950  flood  are  shown  on  plate  23O  (line  g).  Readings  of  selected  pi- 
ezometers at  or  rear  the  landside  toe  of  the  levee  vs  river  stages  are 
plotted  on  plate  23I.  Also  shown  are  estimated  substratum  pressures  for 
rivar  stages  up  to  project  flood  stage.  The  head  on  the  levee,  top 
stratum  characteristics,  eind  observed  and  computed  maximum  substratum 
pressiires  at  certain  piezometers  along  the  landside  toe  of  the  levee  or 
landward  of  the  levee  are  given  in  table  33* 

588.  Plates  218-226  show  that  changes  in  river  stage  were  quickly 
reflected  in  the  piezometers  installed  in  the  foundation  sand.  However, 
minor  irregularities  in  the  readings  of  the  deep  piezometers  occasionally 
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were  noted.  The  deeper  piezometers  installed  in  the  top  stratum  also 
quickly  reflected  changes  in  river  stage;  the  shallow  piezometers,  how- 
ever, appear  to  be  affected  more  by  rainfall  than  by  the  river  stage 
(see  piezometers  6-A,  11-B,  and  ?1-Aj  plates  2l8  and  22l). 

p89«  From  the  data  shown  on  plate  23I  and  in  table  33  it  appears 
tnat  uplift  pressures  sufficient  to  cause  sand  boils  will  not  develop 
along  the  levee  toe  at  the  Baton  Eouge  site  during  the  project  flood  un- 
less the  ola  shot  holes  become  active.  Although  minor  boils  were  ob- 
served during  the  19^?5  and  1950  high-water  periods  under  heads  of  about 
17  to  2(J  t on  the  levee  tlicse  boil':  were  comparatively  small.  The  ob- 
ser’^ed  uplift  pressures  in  I95O  correspond  to  about  75  to  9%  H . The 
maximum  gradient  through  the  total  top  stratum  observed  during  the  1950 
high  water  v;as  about  0.6.  In  general,  the  gradients  through  the  top 
stratum  ranged  from  about  0.2  to  0.5.  In  summary,  although  excess  heads 
as  high  as  20  ft  may  develop  at  the  crest  oi  a project  flood  stage,  the 
top  stratum  appears  to  have  sufficient  thickness  to  withstand  a head  of 
this  amount.  A few  sand  boil"  h.-ve  occurred  at  the  site  with  river 
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stages  producing  an  H of  about  20  ft,  but  as  H for  the  project  flood 
will  be  only  about  23  ft  the  site  is  not  considered  critical  with  respect 
to  underseepage.  It  is  pointed  out,  however,  that  in  view  of  the  un- 
usually high  excess  hydrostatic  heads  that  develop  landward  of  the  levee 
some  sand  boils  rosy  be  expected  to  recur  at  thin  or  weak  spots  during 
high  river  stages. 

590.  Hydrostatic  head  vs  depth.  Several  piezometers  were  installed 
at  various  elevations  within  the  top  stratum  to  determine  the  distribu- 
tion of  head  with  depth  as  the  subsurface  seepage  rose  to  the  surface. 

The  piezometric  head  above  ground  surface  as  measured  by  piezometers  at 
various  depths  in  lines  A and  C at  about  the  crest  of  the  1950  high  water 
(H  = about  17  ft)  is  plotted  in  fig.  44.  The  data  in  this  figure  indi- 
cate that  the  hydrv 'static  head  beneath  the  top  stratum  was  about  12  to 
15  ft  and  that  this  head  decreased  rapidly  as  a result  of  seepage  flowing 
upward  through  the  lower  10  to  20  ft  of  the  top  stratum.  It  is  inter- 
esting to  note  that  the  rate  of  head  loss  through  the  top  stratum  at  the 
points  of  measurement  was  about  as  great  through  the  silty  sand  and  sandy 
silt  strata  as  through  the  clay  strata.  This  is  difficult  to  explain,  as 
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the  deep  clay  strata  are  rather  thick  and  prohahly  are  not  perforated  by 
shrirtoge  cracks,  root  holes,  or  crayfish  holes.  However,  on  the  basis 
of  the  data  shown  in  fig.  44  it  appears  that  the  deep  silty  soils  are  no 
more  permeable  than  the  clayey  soils  at  this  site. 

Evaluation  of  seepage  problem;  and 
recoMendations  for  control  measures 

591*  An  H of  about  I7  ft  during  the  1950  high  water  created  fovir 
sand  boils  at  the  site.  Several  sand  boils  also  developed  during  the 
1937  and  1945  high  waters.  The  sand  boils  that  developed  in  1937  are  at- 
tributed to  weak  spots  in  the  top  stratum  resulting  from  seismic  shots 
made  in  connection  with  geophysical  surveys.  The  1945  sand  boils  were 
less  severe  and  apparently  developed  at  thin  spots  in  the  top  stratum. 
However,  since  then  the  weak  or  thin  spots  seemed  to  have  largely  healed 
as  the  boils  that  occurred  in  1950  were  at  different  locations.  As  the 
levee  at  Baton  Rouge  has  withstood  heads  within  about  3 ft  of  those  that 
will  exist  at  project  flood  stage  with  only  a few  sand  boils  developing, 
the  levee  is  considered  safe  as  regards  underseepage.  Tlie  hydrostatic 
heads  landward  of  the  levee  predicted  for  the  project  flood  will  not  be 
sufficient  to  create  sand  boils  except  in  areas  where  discontinuities 
in  the  top  stratum  may  exist  and  possibly  where  boils  previously  have 
developed.  The  top  stratum  at  the  site  is  comparatively  thick,  although 
somewhat  irregular  in  character.  Althou^  some  minor  boils  may  be  ex- 
pected at  project-  flood  stage^  no  seepage  control  measures  are  considered 
necessary. 

Cotton  Bayou,  Louisiana 

592.  The  Cotton  Bayou  site  was  selected  for  investigation  because 
it  is  along  a reach  of  levee  on  the  Red  River  where,  prior  to  construc- 
tion in  1947  of  the  present  setback  levee,  the  former  levee  had  been 
subjected  to  considerable  underseepage  during  high-water  periods. 
Description  of  site 

593*  The  site  is  located  between  Alexandria  Municipal  Airport  and 
the  Red  River  approximately  8 miles  upstream  from  Alexandria,  La,  The 
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site  as  discussed  in  this  report  extends  from  about  sta  815  to  865.  Plans 
of  the  site,  river,  borrow  pits,  surface  geology,  topography,  and  piezom- 
eters are  shown  on  plates  232-234;  plate  235  is  an  aerial  mosaic  of  the 
site.  The  levee  at  CdttOn  Bayou  has  a net  height  of  approximately  17  ft 
for  the  interim  flood;  the  net  height  for  the  project  flood  is  about 
13.5  ft.*  Rather  extensive  riverside  borrow  pits  approximately  3OO  ft 
wide  and  15  ft  deep  have  been  excavated  along  the  portion  of  the  levee 
studied;  in  some  of  these  pits  the  natural  top  blanket  Of  clay  has  been 
removed  and  the  underlying  silts  have  been  almost  penetrated.  Although 
a few  feet  of  head  was  created  On  the  levee  during  1950;  it  has  not  yet 
been  subjected  to  a significant  high  water.  River  stages  at  the  Cotton 
Bayou  site  can  be  estimated  from  the  Alexandria,  La.,  gage  and  the  graph 
On  plate  243. 

594.  History  of  xmderseepage.  There  is  no  history  of  underseepage 
to  date  for  the  present  levee  as  there  has  been  no  high  water  of  any 
significance  since  construction  of  the  setback  levee, 

595*  Piezometer  installation.  In  1948  two  lines  of  piezometers 
(B  and  D)  were  installed  perpendicular  to  the  levee  at  sta  826+^49  and 
842+90,  with  some  (line  A)  placed  along  the  berm  between  sta  820  and  85O 
(plates  233-235)*  Piezometer  readings  were  obtained  during  the  1950 
high  water. 

Geology  Of  site  and  soil  conditions 

596.  The  general  geology  of  the  site  is  illustrated  on  plate  232; 
the  type  and  thickness  of  the  top  stratum  soils  are  illustrated  in  more 
detail  on  plates  233  and  234.  The  site  is  located  mainly  on  natural 
levee,  backswamp,  and  channel  deposits  laid  down  as  the  Red  River  shifted 
its  course  from  the  position  marked  by  Bayou  Rapides  to  essentially  its 
present  position.  Cotton  Bayou  follows  a former  channel  of  Red  River 
filled  by  thick  clay  and  silt  deposits  (plates  233,  237^  238).  Big  Bayou 
may  also  follow  a former  course  of  the  Red  River,  but  the  data  available 
are  not  sufficient  to  establish  this  possibility.  In  the  area  between 
Cotton  Bayou  and  the  present  course  of  Red  River,  the  top  stratum 
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coi^ists  of  5 to  10  ft  of  clay  silts  imderlain  by  5 to  10  ft  of  sil.ty 
sands  and  sandy  silts  (see  plates  236  and  237).  A deep  clay-and-sidt- 
fiHed  swale  extends  roughly  parsdlel  to  the  river  on  the  riverside  of 
the  levee  (plates  233  and  230.  Silts  and  sands  are  es^osed  in  the  bottom 
of  the  borrow  pits.  Thin,  predominantly  clayey  natural  levee  deposits 
may  cover  much  of  the  site,  but  if  so  they  are  insignificant  in  co%ar- 
isqn  with  simil^  materials  bordering  the  old  Bayou  Rapides  course  of  the 
Red  .River  and  for  this  reason  they  have  not  been  delineated  on  plate  232. 
Backswaji5>  clays  covering  wtet  are  probably  point  bar  deposits  occupy  an 
extensive  area  south  and  west. of  the  site. 

597*  Soil  profiles  and  piezometer  lines.  Soil  prof iles  and  pi- 
ezo^ter  lines-  both  perpendicular  and  parallel  to  the  levee  are  shown  on 
plates  236-238.  Piezometer  line  B was  located  perpendicular  to  the  levee 
at  a point  considered  representative  of  the  general  area  bounded  by  the 
levee  on  the  north  and  Cotton  Bayou.  Line  D was  located  perpendicular  to 
the  levee  at  a point  considered  potentially  critical  as  regards  under- 
seepage because  of  the  nearness  of  a thick  clay  deposit  immediately  land- 
ward of  the  levee  and  of  riverside  boirow  pits  penetrating  to  the  top  of 
the  vmderlying  pervious  sands.  As  may  be  seen  from  the  soil  profiles  on 
p5^tes  236-237^  the  tips  of  some  of  the  piezometers  were  installed  both 
in-,  the  top  of  the  substratum  sands  and  in  the  silty  sands  immediately 
beneath  the  upper  top  stratum  of  clay  silt.  Piezometer  line  D extends 
f rffip.  the  abandoned  levee  near  the  present  position  of  the  Red  River  to  a 
distance  of  approximately  I5OO  ft  landward  of  the  levee. 

598.  The  sediments  making  up  the  top  stratum  in  the  area  between 
Cotton  Bayou  and  the  levee  are  very  uniform  as  regards  thickness  and  type. 
As  previously  stated,  the  top  stratum  consists  of  5 to  10  ft  of  clayey 
silts  underlain  by  about  5 to  10  ft  of  silty  sands  and  sandy  silts.  The 
filling  in  the  former  course  of  Red  River  presently  marked  by  Cotton 
Bayou  consists  of  about  20  to  30  ft  of  clay.  The  clay-filled  swale  be- 
tween the  levee  and  Red  River  is  filled  with  alternating  strata  of  clays 
and  silts  to  a depth  of  approximately  35  ft*  Although  the  area  landward 
of  the  levee  is  relatively  uniform  in  elevation  there  is  a perceptible 
slope  along  the  toe  of  the  levee  down  to  the  former  course  of  the  Red 


River  which^  is  now  filled  with  sediments  and  occupied  by  Cotton  ^you. 

The  peEvlous  substratum  at  the  site  consists  of  about  30  to  I|0  ft  of  fine 
sands  (?see  plate  236) . it  appears  on  the  basis  of  boring  1-X  that  the 
top  of  Tertiary  may  be  as  high  as  el  hO  beneath  the  abandoned  levee. 

This  in  effect  reduces  the  thickness  of  the  pervious  aquifer  between  the 
present  levee  and  Red  River  to  about  10  to  25  ft. 


An^ysis  of  piezometric 
and  seepageidata 

599*  River  stages  and  piezometer  readings  observed  at  Cotton  Bayou 
during  the  195O  high;  water  are  plotted  on  plate  239«  This  high  water 
created  a maximum  H*  of  about  5 ft,  or  12  ft  below  the  interim  flood 
stage.  Piezometric  gradients  beneath  the  levee  along  piezometer  lines 
B and  D perpendicular  to  the  levee  are  shown  on  plates  2^»0  and  2kl,  re- 
spectively. The  hydrostatic  head  along  the  toe  of  the  levee  (line  A)  is 
shown  on  plate  24l.  From  plates  2k0  and  24l  it  is  apparent  that  ho  hydro- 
static head  developed  above  the  ground  surface  during  the  1950  high  water. 
A summary  of  information  pertaining  to  the  site  is  given  in  table  3*<-' 

600.  Source  of  seepage.  Because  of  the  configuration  of  the  pi- 
ezometric grade  line  beneath  the  levee  (plates  240  and  24-1),  s could  not 
be  determined  as  was  done  for  the  other  sites.  The  data  obtained  at. 
lines  B and  D show  that  ground-water  storage  still  was  being  filled  at 
the  crest  of  the  I95O  flood,  and  a portion  of  the  semipervious  strata 
under  the  levee  had  not  yet  become  saturated.  Although  it  appears  from 
plate  240  that  the  point  of  seepage  entry  may  have  been  about  9C0  ft 
riverward  of  the  levee  on  24  February  1950,  this  point  may  not  be  indic- 
ative of  the  true  value  of  s , which  can  be  obtained  from  piezometer 
data  only  when  artesian  flow  conditions  exist  beneath  the  levee.  Seepage 
may  enter  the  sand  substratum  at  the  site  through  the  bank  of  Red  River 
and,  to  an  unknown  extent,  through  the  bottom  of  riverside  borrow  pits 
(see  plates  236  and  237). 

601.  Seepage  exit.  Values  of  x^  could  not  be  determined,  as  no 
head  developed  above  the  ground  surface  landward  of  the  levee  during  the 
1950  high  water. 

602.  Thickness  and  permeability  of  substratum  sands.  The  sand 
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substratum  at  Cotton  Bayou  consists  of  about  30  ft  of  sand  varying  from 

very  fine  to  medium  fine.  On  the  basis  of  grain  size  data,  plate  243 

-4 

and  fig.  17,  would  be  about  200  x 10  cm  per  sec.  laboratory 

permeability  tests  indicated  that  the  permeability  of  the  sand  stratum 

-4 

would  be  only  30  x 10  cm  per  sec.  It  is  believed  that  k is  probably 

-4  ^ 

about  2C0  X 10  cm  per  sec  at  this  site.  The  low  permeability  may  ac- 
count for  the  comparatively  long  time  reqpired  to  fill  ground-water 
storage  landward  of  the  levee  during  initial  rising  river  stages. 

603.  Thickness  and  permeability  of  top  stratum.  The  top  stratum 
at  Cotton  Bayou  consists  of  about  7 to  8 ft  of  clay  xuiderlain  in  turn  by 
silty  sands  and  sandy  silts  with  a thickness  of  about  2 to  10  ft.  It 
was  not  possible  to  determine  the  value  of  kj^j^  from  piezometric  data. 
Since  the  present  levee  has  not  been  subjected  to  a high  water  and  pre- 
vious hi^  waters  against  the  abandoned  riverfront  levee  probably  did 
not  cause  significant,  if  any,  seepage  landward  of  the  present  setback 
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levee,  the  top  stratum  landward  of  the  present  levee  prohably  has  not 
yet  been  subjected  to  upv^rd  seepage.  In  view  of  this,  at  this 

site  is  believed  to  be  somewhat  lower  than  that  at  many  of  the  other 
sites  studied  where  boils  and  piping  have  developed  through  top  strata 

of  similar  characteristics  and  thicknesses.  Therefore  it  has  been  as- 

-4 

sumed  that  k^^^  = 0.2  x 10  cm  per  sec. 

604.  Peitieability^ ratio . On  the  basis  of  values  given  above,  the 
ratio  of  permeability  of  the  top  stratum  to  that  of  the  pervious  sub- 
stratxim  is  estimated  to  be  about  1000. 

605.  Seepage  flow.  Seepage  passing  beneath  the  levee  could  not 
be  estimated,  from  the  piezometric  data.  Because  of  the  comparatively 
low  permeability  of  the  substratum  at  this  site,  seepage  beneath  the 
levee  will  probably  be  small  even  during  high  floods^ 

606.  Lahdside  substratum  pressures.  Hydrostatic  pressures  along 
the  toe  of  the  berm  during  the  1950  high  water  are  shown  on  plate  241 
(line  a).  The  tips  of  most  of  the  piezometers  along  this  line  were  set 
in  the  silty  sands  beneath  the  upper  clay  portion  of  the  top  stratum. 

As  evidenced  from  these  piezometers  no  excess  head  developed  above  ground 
surface  during  the  1950  high  water.  Selected  piezometer  readings  vs  river 
stages  are  plotted  on  plate  242.  Also  shown  on  this  plate  are  estimated 
piezometer  readings  for  river  stages  up  to  the  interim  flood.  The  head 
on  the  levee,  top  stratum  characteristics,  and  estimated  critical  heads 
at  certain  typical  piezometers  are  given  in  table  35* 

607.  Based  on  the  data  on  plate  242  and  in  table  35 ^ ’the  Cotton 
Bayou  site  might  possibly  be  critical  as  regards  underseepage,  as  river 
stages  of  about  11  to  I3  ft  may  produce  excessive  substratum  pressures. 

The  interim  flood  stage  will  result  in  an  H of  about  l4  to  I9  ft,  with 

j the  possible  development  of  critical  uplift  pressures.  The  most  critical 

I 

I reach  is  probably  at  the  crossing  of  the  levee  and  Cotton  Bayou  in  the 

; vicinity  of  sta  850,  where  a discontinuity  exists  in  the  top  stratum. 

However,  in  view  of  the  limited  data  obtained  to  date,  it  is  not  possible 
to  predict* the  severity  of  the  seepage  problem  with  any  degree  of  certainty. 


t 
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Evaluation  of  seepage  problem  and 
recommehdations  for  control  measures 

6o8.  Sustained  river  stages  greater  than  11  ft  on  the  levee  (about 
6 to  7 ft  below  interim  flood  stage)  may  cause  critical  substratum  pres- 
sures and  the  formation  of  sand  boils  at  about  sta  85O  and  in  the  reach 
upstream  from  sta  85O.  Downstream  from  sta  85O  the  top  stratum  appears 
sufficiently  thick  to  withstand  the  substratum  pressures  expected  to  de- 
velop during  the  interim  flood.  On  the  basis  of  the  I95O  piezometric 
data  it  is  not  possible  to  evaluate  the  adequacy  of  the  existing  landside 
berm  or  to  determine  definitely  whether  seepat>e  control  measures  are  re- 
quired at  Cotton  Eayou  site.  Irregularities  in  the  piezometric  data  make 
prediction  of  subsurface  pressures  at  high  river  stages  and  the  design 
of  control  measures  somewhat  difficult.  However,  it  is  suggested  that 
abatis  dikes  be  constructed  across  the  existing  riverside  borrow  pits  to 
promote  silting,  thereby  increasing  the  distance  to  the  effective  source 
of  seepage;  this  measure  alone  may  be  adequate.  The  need  for  additional 
seepage  control  measures  should  be  based  on  piezometric  data  obtained 
during  futxire  high-water  periods. 
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PART  V:  EVALUATION  OF  DATA  PROM  P:DEZO^E3ER  SITES 

609.  TOis  portion  of  the  report  consists  of  a general  siinanary  and' 
evaluation  of  data,  obtained  from  the  piezometer  sites  described  in  Part 
IV.  Included  in  the  evaluation  are  discussions  of  (a)  the  influence  of 
geologic  and  man-mde  features  on  underseepage  and  sand  boils;,  (b)  per- 
meability of  riverside  top  strata;  (c)  source  of  seepage;  (d)  permeability 
of  landside  top  strata;  (e)  seepage  e:at;  (if)  permeability  of  pervious 
substrate;  (g)  ratio  of  permeability  of  pervious  substrata  to  landside 
top  strate;  (h)  the  retetionship  between  upward  gradients  throu^  top 
strata  £^d  severity  of  seepage;  (^i)  the  effect  of  natural  partial  cutoffs 
and  massive  clay  deposits  landward  of  levees  on  seepage;  and  ( j)  an 
evaluation  of  seepage  berms  for  controlling  underseepage. 

610.  A svimmary  of  soil  conditions,  analyses  of  piezometric  and 
seepage  date,  and  seepage  conditions  for  a principal  piezometer  line  at 
each  site  are  given  in  table  36.  Only  the  soil  conditions  and  maximum 
head  on  the  levee  in  1950  are  listed  for  the  Cotton  Bayou  site,  because 
the  high  water  at  this  site  during  1950  vas  not  of  sufficient  duration 
to  create  truly  artesian  flow  conditions,  and  as  a result  the  piezometer 
date  could  not  be  analyzed. 

Effect  of  Geologic  and  t-fein-made  Features  on  Underseepage 


Geology  and  seepage 

611.  Geologic  and  natural  topographic  features  affect  both  the 
distribution  and  concentration  of  seepage  landward  of  levees  and,  to  some 
extent,  the  magnitude  of  substratum  pressures.  These  effects  sire  de- 
scribed in  detail  in  Part  II  of  this  report;  however,  pertinent  illu^:tra- 
tions  in  terms  of  the  16  sites  studied  are  given  below. 

612.  Point  bar  deposits.  The  effect  of  point  bar  deposits  on  the 
location  of  seepage  and  sand  boils  is  illustrated  by  the  location  of  such 
at  the  Commerce,  Trotters  51,  Stovall,  and  Farrell  sites.  It  can  be  seen 
from  the  plans  of  topography  and  surface  geology  at  these  sites  that  most 
of  the  sand  boils  occurred  in  ridges  adjacent  to  swales.  Examples  of 
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P^i;ici0.arly  severe  seepage  'be-^eenua  lajQdwar^  s;mle  closely  paralleling 

: 1 

a levee  are  shown  at  mile  52  of  the  Trotters  51  site  -Sl)^  at 

[ 1 

^ - 

Stovall  (plate  163)  during  the  1937  hi^r  water.  13ie  wide  swale  land^^d 

i 

r I 

of  the  levee  at  Stovall  is  also  a good  example  of  how  such  a swale  c^ 

i 

^ ^ 

increase  the  excess  head  at  the  levee  toe. 

: 1 

' 

613.  Hi^er  elevation  of  the  surface  of  point  har  deposits  land- 

1 

■ - :•  , - 

ward  of  low  ground  can,  in  effect,  also  prevent  the  exit  of  seepage  land- 

t 

ward  of  the  low  topo^aphy  hecause  the  substratum  pressure  may  hot  he  as 

1 

Mgh  as  the;  ground  siurface.  A good'  example  of  this  condition  exists  at 

r ; 

the  Ll^gent  site.  In  1950  practically  all  seepage  at  line  B emerged 

i 

^i:~-  • V 

through  the  coiiiEaratively  thick  clay  top  strattan  of  a filled  channel  ihe- 

1 

*■  - ’ .’  ' 

cause  the  surface  of  har  deposits  landward  of  the  filled  clmnnel  was  high 

1 

ejaou^  to  prevent  the  emergence  of  seepage.  Another  example  exists  at 

i 

> 

* 

the  Eutaw  site. 

6l4.  Clay  plugs  or^ channel  fillings.  Several  piezometer  sites 

were  located  in  reaches  where  the  top  stratum  consists  of  wide  channel 

t 

t ■ . ; 

fillings  (Upper  Francis  and  L’ Argent).  At  these  sites,  fairly  high  ex- 

s 

j'  . 

cess  heads  (hp/H)  developed  landt^d  of  the  levee  during  1950;  seepage 

1 

1 

?*' 

ensrging  through  the  top  stratum  was  apparently  rather  \miform  and  fairly 

I 

light  for  the  maximum  river  stage  that  developed.  However,  two  sand 

E 

1 

hoils  developed  through  the  channel  fill  at  L’ Argent  in  1937  when  the 

9i 

r-'  ■ 

river  stage  was  higher.  At  the  Trotters  54  site,  also  located  on  a rela- 

9 

tively  uniform  filled  channel,  high  excess  pressures  did  not  develop  he- 

f 

cause  of  relief  provided  hy  sand  hoils  in  a drainage  ditch  a short  dis- 

p- 

tance  landward  of  the  levee. 

* 

i 

615.  The  occurrence  of  sand  hoils  between  a leVee  and  clay-filled 

f- 

channels  was  illustrated  at  the  Gammon  and  Lower  Francis  sites  during 

: 

the  1950  high  water.  However^  the  occurrence  and  location  of  sand  hoils 

1 

at  these  sites  are  attributed  more  to  the  thinness  of  the  top  stratum 

1 

landward  of  the  levee  and  the  close  source  of  seepage  than  to  the  effect 

1 

Of  the  clay-filled  channels. 

- 

1 

616.  Natural  levee  deposits.  Several  levees  studied  are  founded 
on  relatively  continuous  silty  natiiral  levee  deposits  tmderlaln  hy  c3ay 
(e.g..  Upper  Francis,  Eutaw,  and  Kelson).  At  these  sites,  some  minor 
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seepage  protably  occurs  through  the  mtural  levee  deposits,  althougji!  to 
date  no  sand  boils  have  been  attributed  to  such  seepage. 

6l7»  In  general,  it  is  believed  that  if  a levee  has  adequate  base 
width  as  compared  to  the  net  head,  seepage  through  imtureil  levee  deposits 
will  pfobpily  not  be  of  a serious  nature. 

618.  Backswampadeposits . The  thickness  of  backswanp  clay  deposits 
usually  }precludes  the  development  of  serious  seepage.  However,  if  seep- 
age has- a ready  entry  into  the  pervious  substratiun,  high  substratum  pres- 
sures c^  be  expected  to  develop;  and=  if,  for  any  reason,  the  continuity 
of  the  ela;/  is  broken  or  the  thickness  of  the  clay  is  hot  adequate  to 
withst^d  the  uplift  pressure,  underseepage  ^d  possibly  severe  ssuid 
boils  fey  develop.  Although  the  top  stratum  at  Baton  Rouge  is  conprised 
of  point  bar  deposits>.  the  thickness  is  so  great  (30  ft)  that  the  seepage 
pattern:  is  similar  to  that  expected  along  levees  founded  on  thick  back- 
swamp  clays;  i.e.,  high  excess  heads  and  low  rates  of  natural  seepage. 
Man-made  .features  and, seepage 

619.  Man-made  discontinuities  in  the  top  stratum  also  influence 
the  development  of  sand  boils.  Such  discontinuities  encountered  at  the 
sites  studied  consist  primarily  of  landside  drainage  ditches  and  seismic 
shot  points;  however,  they  could  also  include  cisterns  and  wells,  fence- 
post  holes,  improperly  backfilled  borings,  etc.  Both  riverside  and  land- 
side  borrow  pits  near  a levee  can  have  a pronounced  effect  on  seepage. 

The  effect  of  riverside  borrow  pits  on  underseepage  is  discussed  later 
in  this  part. 

620.  Landside  drainage  ditches.  The  development  of  sand  boils  in 
landside  di-ainage  ditches  is  significant  at  the  Gainnon  and  Trotters  54 
sites.  During  the  1950  high  water  at  Gammon,  numerous  boil--  occurred  in 
such  a ditch  which  was  only  about  2 ft  deep;  practically  no  seepage 
emere?d  in  the  area  landward  of  the  ditch  (plate  I7) . At  Trotters  54, 
nun^rbus  boils  and  concentrated  seepage  occtirred  along  a ditch  about  2 
to  3 ft  deep  during  periods  when  the  relief  well  system  was  not  opemting 
(plate  84).  At  both  of  these  sites,  the  seepage  would  probably  have  been 
relatively  uniform  had  it  not  been  for  the  presence  of  the  landside  drain- 
age ditches. 
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621.  SeisMc  shot  points.  The  occurrence  of  sand  boils  d\iring 
the  1937  hi^  water  at  the  Baton  Rouge  site,  where  the  top  stratum  gen- 
erally consists  of  about  30  ft  of  clay  and  silt,  is  attributed  to  the 
weaknesses  in  the  top  stratum  caused  by  seismic  shot  holes.  The  influence 
of  the  shot  points  or  other  similar  discontinuities  on  sand  boils  at  Baton 
Ro\;ige  is  greatly  magnified  because  unusually  hi^  landside  substratum 
pressi^es  develop. 

622.  Landside. borrow  pits.  Landside  borrow  pits  used  for  the  con- 
struction of  sublevees  exist  at  Trotters  51  and  Bolivar.  These  partic- 
ular pits  are  not  ve^  deep  and  because  of  the  relatively  low  river  stages 
during  the  1950  high  water  had  little  effect  on  seepage.  However,  be- 
cause of  the  reduced  thickness  of  the  top  stratum  in  the  sublevee  basins, 
the  maximxim  safe  excess  head  allovrable  is  considerably  less  than  would 
otherwise  be  permissible. 

Characteristics  of  Riverside  Top  Strata 


Source  of  seepage  and  effec- 
tive  length  of  riverside  blanket 

623.  Of  the  15  sites  where  sufficient  piezometric  data  were  avail- 
able for  analysis,  the  source  of  seepage  at  the  crest  of  the  1950  high 
water  was  located  in  the  riverside  borrow  pits  at  all  sites  except  those 
where  the  bor.  ow  pits  are  blanketed  with  a thick  layer  of  clay.  Values 
of  s ranged  from  about  &X)  ft  to  3000  ft  except  at  Kelson  where  s was 
only  250  ft  for  the  silty  aquifer.  The  corresponding  effective  lengths 
of  riverside  blanket  ranged  from  about  2(X)  ft  to  2800  ft,  excluding 
that  at  Ifelson. 

62U.  The  effect  of  the  type  and  thickness  of  blanket  materials  in 
riverside  borrow  pits  on  s and  x^  is  shown  in  table  36.  At  L‘ Argent 
and  Baton  Rouge  the  riverside  borrow  pits  contain  a blanket  of  clay  about 
15  and  20  ft  thick,  respectively,  and  the  effective  source  of  seepage  was 
located  at  about  the  bank  of  the  Mississippi  River,  At  the  other  sites 
the  thickness  of  the  blanket  in  the  borrow  pits  ranged  fi’ora  about  0 to  8 
ft,  and  the  source  of  seepage  was  generally  in  the  riverside  borrow  pits. 
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At  sites  where  either  a thick  blanket  existed  in  the  borrow  pits  (L'Argent 
and  Baton  Rouge)  or  where  the  pervious  substratum  was  exposed  in  the  bor- 
row pits  (Stovall  and  Louer  Fri^ncis),  little  or  no  change  in  s occurred 
with  rising  river  stages.  However,  at  sites  where  a thin  blanket  was 
present  in  the  borrow  pits,  a decrease  in  s and  x^  resulted  during 
rising  river  stages  (e.g.,  Trotters  pi,  arid  line  R at  Trotters  5^)* •*  The 
decrease  in  s and  x^  may  possibly  be  attributed  to  some  scour  in  the 
borrow  pits  during  the  hi^  water,  which  tends  to  reduce  the  effective 
thickness  of  the  blanket  material  in  the  pits.  Effective  lengths  of  river- 
side blankets  x^^  for  various  types  and  thicknesses  of  blanket  in  river- 
side borrow  pics  as  determined  from  boring  and  piezometer  data  are  sum- 
marized in  table  37* 

625.  Values  of  x^^  in  table  37  are  observer  values  adjusted  to 
an  assumed  condition  of  a riverside  blanket  of  infinite  length  with  the 
same  thickness  as  that  in  the  borrow  pit.  This  adjustment  was  made  by 
means  of  blanket  formulas  given  in  Part  III  and  was  intended  to  partially 
eliminate  the  effect  of  different  top  strata  riverward  of  the  borrow  pits 
and  different  distances  between  the  levee  and  river  at  the  various  sites. 

Table  37 

Suaaary  of  Dlatancea  to  Effective  Source  of  Seepage,  Effective  Lengths  of  Rlveralde  Blanket,  ani 
Vertical  PerBcab'.llty  of  BlveralAe  Blonkct  mterlals  at  tbe  Crest 


nusber  of 

Blanket  in  RlversiiSe  PiezoMter 

Borrov  Pit  Lines  Jroo 

Thickness  Vfnlch  Data  s,  ft 

Soil  Type  in  ft  Were  Obtained  Kax  Hin 


Silty  Sand«» 


<5 

5 to  10 


1080  800 

800  560 
560,  560 


Avg  Max  Hln  Avg 

960  ><e0  200  370 

670  320  230  260 

560  260  260  260 


Suggested  Design 
Values 


Silt  & sandy 
silt 


<5 

5 to  10 
>10 

<5 

5 to  10 
10  to  15 

>15 


1500  600 
1600  910 


1280  610 
1720  1520 


1050  1220  270  670 

1260  1190  510  850 


1020  750  110  690 

1620  3270  1070  1170 


1.7  0.34  0.79  0.8 

1.3tt  0.86tt  l.OStt  0.5 


3150  800  1600  » 


0.05  4000  or  I^» 


• Values  of  cooputed  froa  observed  values  of  Xj^  and  adjusted  to  a condition  where  • c. 

•*  Docs  not  Include  Fole-ln-thc>Wall  where  values  of  s and  x^  noy  not  be  reliable  becauso  artesian  flow  conditions 
did  not  develop  until  near  the  crest  of  the  I95O  high  water, 
t Averages  of  ell  values  of  kj.p  for  o given  soil  type  without  regard  to  thickness. 

tt  Values  are  considered  to  be  too  high  as  ot  these  piezoaeter  lines  (Upper  Froneis)  seepogc  could  enter  the 

pcrvloui.  substrntuu  kheough  a silty  blanket  riverward  of  the  borrow  pit  as  well  as  through  the  clay  in  the  borrow 
plv. 

t Use  the  saallcr  of  the  two  values. 

M Average  does  not  include  for  blanket  thickness  between  5 and  10  f.et. 
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At  most  sites  t^  distance  from  the  levee  to  the  river  was  fsx  ei^ugh  to 
have  little  effect  on  the  value  of  or  s . It  is  pointed  out  that 
the  ty  and  thickness  of  blanket  in  riverside  borrow  pits  may  vary  con- 
siderably at  any  one  site  and,  therefore,  the  soil  types  and  thicknesses 
of  blankets  gi/en  in  tables  3^  37  are  only  general  or  approximate 

values  as  are  the  corresponding  values  of  kj^^  . Scatter  in  the  data 
C8U1  also  be  expected  because  of  the  limited  number  of  piezometer  lines 
falling  into  each  of  the  categories  in  table  37. 

626.  At  L'Argent  land  Baton  Rouge,  x^^  , observed,  was  about  277O 
and  620  ft,  respective]^;  these -distances  correspond  approximately  to  the 
respective  distances  between  the  riverside  toe  of  the  levee  and  the 
river. 

627.  From  a cursory  examination  it  may  appear  that  the  assxamption 

that  the  blemket  in  the  riverside  borrow  pit  is  infinite  rather  than 
finite  in  riverward  extent,  with  a different  thickness  of  top  stratum 
between  the  borrow  pit  and  river,  may  not  be  valid.  However,  except  at 
L'Argent  and  Baton  Roxige,  the  values  of  for  = w were  prac- 
tically Identical  with  the  observed  values  of  x^^  for  a finite  L,  . ' | 

This  close  agreement  indicates  that  at  sites  where  a thin  blanket  remains  I ? 

in  the  riverside  borrow  pit  and  the  pit  has  a width  of  about  3OO  to  1000  ■ 

i 

ft,  as  at  the  sites  studied,  the  natural  top  strat\an  riveirard  of  the  • 

borrow  pit  has  little  effect  on  the  effectiveness  of  the  riverside  blanket  ‘ \ 

! i 

and  resulting  seepage  pattern.  This  phenomenon  is  further  verified  from  • * 

consideration  of  blanket  formulas,  which  show  that  for  a uniform  river-  I 

side  top  stratum  infinite  in  riverward  extent  of  the  total  quantity  I 

of  seepage  enters  the  pervious  substratum  through  the  riverside  blanket  1 

within  a distance  of  x^  from  the  levee.  Exceptions  to  the  above  will  1 

occur  at  sites  where  the  blanket  in  the  borrow  pit  is  fairly  impervious 
and  abc  eqyal  in  thickness  to  that  riverward  of  the  borrow  pit  (L'Argent 
and  Baton  Rouge). 

628.  From  table  37  it  appears  that  generally  tends  to  increase 
as  the  blanket  material  in  the  borrow  pits  grades  from  silty  sand  to  clay 
and  also  as  a given  type  blanket  increases  in  thickness.  It  can  be  seen 
that  the  silty  sand  r.jankets  were  not  very  effective,  as  the  x^^  values 
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are  about  the  s^e  as  those  at  sites  where  the  substratum  sands  are  ex- 
posed in  the  borrow  pits.  Where  a clay  blaiiket  with  a thickness  of  15 
ft.  or  more  occurs,  values  of  are  about  the  same  as  , indicating 
that  for  practical  purposes  little  seepage  can  be  ej^ected  to  penetrate 
such  a blanket. 

629.  The  values  of  s obtained  for  different  types  and  thicknesses 
of  blankets  are  also  shown  in  table  37>  and  although  there  is  a tendency 
for  s to  increase  as  the  top  jtra-cum  thickness  increases  and  the  blanket 
grades  from  silty  sand  to  c^y,  the  trend  is  not  as  pronounced. as  it  was 
for  x^  . This  is  because  values  of  s include  the  base  width  of  levee 
and  berm  (Lg),  which  varies  for  the  sites,  as  well  as  x^^  . 

630.  The  accuracy  of  s and  x^  depends  to  a considerable  extent 
on  the  accuracy  of  readings  of  the  piezometers  perpendicular  to  and  be- 
neath the  levee.  Water  levels  in  piezometers  at  the  sites  studied  were 
recorded  to  the  nearest  0.1  ft.  Assuming  a riverside  piezometer  reading 
to  be  0.05  ft  too  low  and  a landward  piezometer  reading  to  be  O.O5  ft  too 
high,  the  observed  value  of  s would  be  about  3 to  1%  in  error  for  the 
range  of  s values  observed  at  the  sites.  Similarly,  the  values  of  x^  , 
either  observed  or  adjusted,  may  be  in  error  as  much  as  10  to  20^.  These 
possible  variations  probably  account  for  some  of  the  scatter  of  s values. 

631.  It  should  also  be  noted  that  s (and  x^)  at  several  sites 
was  computed  from  readings  of  two  shallow  piezometers : one  at  the  land- 
side  toe  of  the  levee  or  berm  and  one  beneath  the  levee.  At  such  sites, 
prior  to  computing  s and  x^  , it  was  necessary  to  estimate  the  average 
head  in  the  substratum  sand  at  the  levee  toe  from  the  reading  of  the 
shallow  piezometer  at  the  toe  and  from  fig.  26.  If  the  actual  pressure 
at  the  middepth  of  the  sandy  substratum  was  j^.l  ft  from  that  assumed, 
the  true  value  of  s could  be  3 to  IC^  different  from  the  conputed  value. 
It  is  possible  that  at  some  site-5  the  applied  head  correction  may  deviate 
from  the  actual  head  difference  by  more  than  0.1  ftj  such  deviation  would 
also  contribute  to  the  scatter  occurring  in  tabDe  37*  At  new  piezometer 
installations,  two  shallow  piezometers  should  be  installed  beneath  the 
levee  (one  riverward  and  one  landward  of  the  crown)  — or  one  shallow 
piezometer  beneath  the  levee  and  one  piezometer  at  the  middepth  of  the 


259 


^rvious  substratum  at  the  toe  of  the  levee  — to  eliminate  the  need  for 
applying  a head  correction  vith  resultant  uncertainties  in  the  value  of 


632.  At  sites  along  Mississippi  River  levees  where  values  of  s 
must  be  esthaated  without  the  benefit  of  piezometric  data,  it  is  believed 
that  reasomble  estimates  can  be  obtained  from  table  37  by  selecting  the 
proper  value  of  on  the  basis  of  the  riverside  blanket,  and  then  add- 
ing to  the  base  width  of  levee  (and  berm,  if  present).  This  proce- 
dure shouldi.give  fairly  reliable  values  of  s at  sites  where  the  width 
of  the  riverside  borrow  pit  exceeds  3OO  ft  and  where  is  at  least 
1500  ft. 

633*  At  sites  where  the  borrow  pits  are  narrower  than  3OO  ft,  the 
values  of  x^  may  be  slightly  greater  than  those  in  table  37;  where  the 
levee  is  closer  to  the  river  than  I5OO  ft,  may  be  less  than  indi- 
cated in  table  37*  Estimtion  of  Xj^  and,  hence,  s , at  sites  where 
the  width  of  borrow  pit  is  less  than  300  ft  or  where  is  less  than 
1500  ft  can  be  made  from  blanket  formulas  and  a knowledge  of  the  permea- 
bility of  the  blanket  materitil  k^^j^  . Values  of  kj^j^  are  discussed 
below. 

Permeability  of  riverside  blanket 

634.  The  vertical  permeability  (kj^j^)  of  the  riverside  blanket  was 
determined  at  each  site  using  equation  5 and  the  average  thickness 

of  the  blanket,  the  effective  length  of  riverside  blanket  (x^^  for  = 
« ) at  the  crest  of  the  1950  high  water,  , and  d . Values  of 

ft 

for  various  types  and  ranges  in  thickness  of  blanket  are  summarized  in 
table  37. 

635.  It  appears  that,  for  a given  material,  k^^j^  generally  tends 

to  decrease  as  the  bleinket  thickness  increases,  particularly  for  clay 

blankets.  Values  of  k^^j^  were  zero  at  sites  where  z^^^  equalled  or 

exceeded  I5  ft  of  clay  as  compared  to  about  1.0  x lO”^  cm  per  sec  where 

the  clay  blanket  was  less  than  5 ft  thick.  No  apparent  decrease  in  k^^j^ 

with  increasit.g  blanket  thickness  was  observed  at  sites  where  the  borrow 

pits  were  blanketed  with  silt  (less  than  10  ft  tnick).  The  avereige  per- 

-4 

meabilit>  of  silty  blankets  was  about  2.5  x 10  cm  per  sec;  kj^j^  for 
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silty  sand  blankets  with  thicknesses  up  to  10  ft  averaged  about  6 x 10 
an  per  sec. 

636.  Although  reasonable  trends  were  obtained  for  k^^^  as  deter- 

Mned  from  adjusted  values  of  at  the  crest  of  the  1950  high  water, 
it  is  pointed  out  that  the  values  of  were  obtained  from  riverside 

borings  and  cross  sections  of  the  borrow  pits  made  piior  to  the  1950  high 
water.  If  significant  changes  in  the  thickness  of  the  blanket  in  the 
borrow  pits  occurred  in  the  interval  between  the  date  of  the  survey  and 
the  crest  of  the  high;  water,  as  a result  of  either  deposition  or  scour, 
the  corresponding  values  of  and 

the  computed  values. 

637.  Even  though  the  suggested  design  values  of  k^^  shown  in  the 
last  column  of  table  37  nay  be  no  more  than  +50^  accurate,  in  the  absence 
of  actual  piezometer  data  they  are  considered  more  reliable  than  could  be 
estimated  or  computed  from  laboratory  test  data. 

Characteristics  of  Landside  Top  Strata 
Effective  seepage  exit 

638.  Values  of  x^  at  the  crest  of  the  1950  high  water  are  shown 
in  table  36.  They  generally  ranged  from  about  I50  to  11,000  ft  with  the 
largest  x^  occvirring  at  Baton  Rouge  where  the  top  stratum  is  about  30 
ft  thick.  At  Kelson,  x^  was  only  50  ft.  However,  this  value  is  not 
comparable  to  those  at  the  other  sites  because  it  is  related  to  a thin 
aquifer  of  low  permeability  (5  ft  of  silt),  whereas  at  the  other  sites 
the  values  of  x^  correspond  to  conditions  where  the  top  stratum  is 
underlain  by  thick,  pervious  sand  substratum.  Tbe  distance  to  the  effec- 
tive seepage  exit  was  usually  rather  short  at  sites  where  the  landside 
top  stratum  was  thin  (Lower  Francis  and  Farrell)  and  at  sites  where  numer- 
ous sand  boils  developed  ( Caruthersville  and  Gammon) . At  sites  where  the 
exit  of  seepage  was  partially  blocked  as  a result  of  landward  swales  or 
slou^s  (Gammon,  Stovall,  and  Lower  Francis),  the  observed  values  of  x^ 
and  h^  were  larger  than  if  the  block  were  not  present. 

639*  accuracy  of  x^  also  depends  upon  the  accuracy  of  the 


would  differ  somewhat  from 
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piezoEe-ter  readings  used  in  its  detennination.  As  discussed  previously 
for  s , values  of  may  lae  in  error  as  much  as  5 to  3^  as  a result 
of  inaccuaracies  in  river  stage  and  piezometer  readings,  and  in  the  estima- 
tion of  head  at  the  middepth  of  the  aquifer  at  the  lands ide  toe  of  the 
levee. 

640.  The  determination  of  also  depends  upon  the  assumed  eleva- 
tion of  the  average  ground  surface  or  tailwater.  For  example,  if  the  as- 
sumed average  ground  or  tailwater  elevation  is  0.5  ft  in  error,  a cor- 
responding 10  to  error  will  exist  in  the  value  of  x^  . At  sites 
where  the  tailwater  elevation  was  recorded  and  the  submerged  area  was 
close  to  the  levee  toe,  the  values  of  x^  are  considered  reliable.  How- 
ever, where  the  area  was  not  submerged  and  the  ground  was  not  level,  the 
assumed  average  ground  elevation  is  probably  only  accurate  to  within 

+0.5  ft,  and  values  of  x^  may  be  limited  in  accuracy.  To  reduce  the 
possibility  of  utilizing  incorrect  tailwater  assvm?ptions  at  the  16  sites 
studied  and  at  possible  future  similar  installations,  the  tailwater  eleva- 
tions in  submerged  areas  should  be  recorded  at  frequent  intervals  during 
high-water  period.s. 

641.  Computed  values  of  x^  are  also  affected  by  the  rate  at 
which  ground-water  storage  is  filled  beneath  and  landward  of  the  levee 
during  a high  water,  because  formulas  for  computation  of  x^  are  valid 
only  for  artesian  flow  conditions.  At  sites  such  as  Lower  Francis,  where 
the  piezometers  rapidly  reflected  the  effect  of  rising  river  stages,  the 
values  of  x^  are  probably  indicative  of  the  seepage  pattern  throu^out 
most  of  the  high  water.  However,  at  sites  such  as  Hole-in-the-V/all, 
where  artesian  flow  conditions  did  not  develop  until  near  the  crest  of 
the  1950  high  water,  most  of  th.  computed  values  of  x^  are  meaningless. 
In  view  of  this,  care  must  be  exercised  when  analyzing  piezometric  data 
obtained  during  the  initial  portion  of  a high  water,  as  false  indications 
will  result  if  artesian  conditions  do  not  exist. 

642.  In  addition  to  the  above  limitations  in  accuracy  of  , 
comparisons  between  the  values  of  x^  given  in  table  36  can  be  mislead- 
ing because  the  only  similarity  in  these  values  is  that  they  represent 
conditions  that  existed  at  the  crest  of  the  1950  high  water.  At  this 
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river  8t^e,  sand  boils  had  developed  at  some  sites,  medium  to  light 
seepage  at  other  sites,  and  ground-rater  storage  ras  still  filling  at 
other  sites.  For  purposes  of  compp^ison,  values  -of  are  also  given 
in  table  36  for  the  river  stage  at  which  upw^d  ^^adients  thrdu^  the 
landsi^  top  stratum  bad  be  :ome  or  would  become  critical.  These  values 
of  x^.  were  obteined  from  the  figt^es  in  Part  IV-  showing  x^  plotted 
against  river  stage,  and  are  believed  to  be  fair^  comparable,  as  by  the 
time  the  upward  gradient  throu^  the  top  stratumcreaches  the  critical 
value,,  (conditions  of  surtesian  flow^will  have  developed.  Furthermore, 
these  v^ues  of  x^  are  estimated  to  be  about  the  greatest  tlat  will 
occur  at  each  site  based  on  piezometer  readiiigs  at  the  toe  of  the  levee 
(see  paragraph  133), 

03*  A comparison  between  x^  at  the  crest  of  the  I95O  high  water 
and  that  observed  or  estimated  to  exist  when  the  upward  gradient  becomes 
a mflxinnim  indicates  'tiiat  at  most  sites  little  or  no  difference  occurred. 
This  is  attributed  t9  either  the  development  of  about  the  maximum  pos- 
sible upward  gradient  during  the  1950  bi^  water  (Gammon,  Trotters  3^, 
and  Lower  Francis),  or  the  estimation  that  would  remain  constant  up 
to  the  crest  of  the  project  flood  (Baton  Rouge).  The  greatest  difference 
in  x^  occurred  at  L'Argent  and  Upper  Francis,  Where  x^  continued  to 
increase  with  river  stage  at  the  crest  of  the  1950  high  rater.  Although 
generally  little  or  no  difference  occurred  in  most  of  the  x^  values  as 
a result  of  projecting  data  to  conditions  where  i = i^  , whenever  sig- 
nificant changes  occurred,  they  were  considered  in  the  estimation  of 
k^/kj^L  described  later. 

Thickness  and  permeabil- 
ity  of  landside  top  stratum 

644.  It  can  be  seen  from  table  36  that  a large  variation  occurs 
in  type  and  thickness  of  top  stratum  materials  at  the  I6  sites.  Exclud- 
ing the  thin  clay  stratiun  at  Kelson  overlying  the  silty  natural  levee 
deposits,  the  thinnest  landside  top  stratum  encountered  was  about  4 ft 
thick  (Farrell).  The  thickest  top  stratum  encountered  ras  30  ft  at  Baton 
Rouge.  A review  of  data  from  all  piezometer  lines  analyzed,  except  those 
at  Kelson  and  Cotton  Bayou,  shows  that  kj^j^  ranged  from  about  0,06  x 10 
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cm  per  sec  at  Baton 'Rouge  to  40  x 10”  cm  per  sec  at  line  D at  Gammon. 
Comparatively  hi^  WEilues  of  ^dL  were  foiind  at  sites  where  there  was 
a tendency  for  large  gruantities  of  seepage  to  emerge  landweurd  of  the 
levee  O^Caruthersvilie,  Gammon,  and  Lower  Francis).  In  considering  the 
values  of  sho]^  in  Part  17  and  in  table  36,  it  must  be  remembered 

that  they  were  co^uted  from  piezometer  data  obtained  at  the  crest  of 
the  1950  high  water  and  reflect  various  degrees  of  seepage,  depending  on 
the  site.  As  x^’s  at  a site  ^e  known  to  vary  with  river  stages  (see 
graphs  of  x^  vs  H , Part  IV),  so  does  k^^j^  vary  with  river  stage  and 
seepage  (particularly  sand  boids)  conditions'.  Most  values  of  k.  , st 
the  crest  of  the  1950  high  water  ranged  from*about  0.5  to  10  x 10"^  cm 
per  sec. 

645*  The  relationship  between  kj^j^  and  as  obtained  at  the 

various  piezometer  sites  is  show  in  fig.  45;  also  shown  is  the  corre- 
sponding classification  of  the  top  stratum.  Soils  with  composite 
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class^icatiofis  such  as  "cls^  and  sandy  slit"  were  classed  as  either 
clay  or  silt  for  pinrgoses  of  correlation,  depending  on  the  predominant 
soil  t^e.  The  predraainant  soil  type  is  underlined  in  fig.  45. 

646.  Eig.  45  iilustrates  that  there  is  a pronounced  trend  for 
to  decre^e  with  an  increase  in  , particuleirly  for  cl^-type 

top  strata.  Trends  shown  in  fig.  45  are  also  shown  in  table  38  from 
which  it  is  seen  that,  although  decreased  with  increasing  thick- 

ness of  clay  top  strata,  there  was  a lesser  tendency  for  kj^j^  to  de- 
crease with  increasing  thiclmess  of  silt  top  strata.  The  permeability 

of  top  strata  less  than  10  ft  thick  was  about  the  same  for  silt  as  for 

-4  ' 1 ' 

clay  — ^ about  5 x 10  cm  per  sec.  The  permeability  of  the  single  silty 

-4 

sand  blanket  was  25  x 10  cm  per  sec. 

647.  It  is  app^ent  that  the  above  values  of  k^j^  eire  greater 

(perhaps  100  to  1000  times)  than  would  normally  be  obtained  from  lab- 
oratory permeability  tests  on  iindistvirbed  samples  of  silts  and  clays 
in  the  Lower  Mississippi  Valley.  Also,  in  the  laboratory  silts  are 
usually  more  permeable  than  clays.  The  high  values  of  k^j^  obtained 
(fig.  45  and  table  38)  show  that  the  permeability  of  top  strata  land- 
ward of  levees  is  not  related  to  the  values  obtained  from  laboratory 
tests  on  undisturbed  samples,  but  instead  to  the  presence  and  nvanber 
of  fissures,  root  holes,  former  boil  holes,  and  other  perforations  in 
the  top  stratum.  The  effect  of  these  perforations  in  clay  top  strata 
appears  to  be  reduced  if  the  blanket  thickness  exceeds  10  ft,  and 
greatly  reduced  if  exceeds  15  ft.  This  may  also  be  true  for 

silty  blankets,  but  data  for  such  blankets  were  not  sufficient  to 
establish  a trend. 

648.  As  discussed  previously,  values  of  k^^^  were  also  computed 
for  a condition  where  the  upward  gradient  through  the  top  stratum  was 
observed  or  estimated  to  first  become  critical;  the  averages  of  these 
values  are  given  in  table  38.  However,  there  is  no  significant  dif- 
ference between  these  values  and  those  conrputed  at  the  crest  of  the 
1950  hi^  water. 

649.  Comparisons  between  k^j^  and  kj^j^  for  similar  blankets  of 
similar  thickness  (tables  37  and  38)  Indicate  that  the  landside  blanket 


Table  38 

Sunmary  of  Batlos  of  Permeability  of  Pervious  Substratum  to  Landslde  Top  Stratum 
and  Pernieablllty  of  Xandslde  Top  Stratton  at  Crest  of  1950  High  Water  ^ 
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tends  to  be  about  2 to  10  tSies  as  pervious  m the  riverside  lilanket.  As 
cracks  and  Assures  probab^  exist  on  both  sides  of  the  levee>  this  dif- 
ference is  attributed  to  the  tendency  of  upward  seepage  through  the  land- 
side  top  strotum  to  flush  existing  cracks  Md  perforations,  thereby  in- 
creasing th|  over-all  permeability  of  the  top  stratum.  DowiK^d  seepage 
throi^  the  riverside  blanket  tends  to  seal  any  cracks  and  fissures  un- 
less excessive  erosion  occurs. 

650.  In  the  design  of  control  measures  at  sites  where  piezometric 
and  seepage  data  are  not  available,  values  of  k^^j^  cam  be  estimated  from 
the  average  values  given  in  table  38*  However,  it  should  be  noted  that 
these  values  are  for  conditions  at  the  crest  of  a fairly  high  water; 
therefore,,  to  insure  that  seepage  conditions  do  not  become  as  severe, 
control  measures  shorold  be  designed  on  the  basis  of  values  of  k^^j^  some- 
what less  than  the  average  values  given  in  table  38.  Suggested  values 
of  for  design  purposes  are  also  shown  in  table  38, 

Characteristics  of  Pervious  Substratum 


651.  The  effective  thickness  d and  permeability  k^  of  the  per- 
vious substratum  at  the  sites  are  given  in  table  36.  The  effective  thick- 
ness of  the  pervious  aquifer  at  the  various  piezometer  sites  was  taken  as 
the  depth  of  sand  below  the  upper  strata  of  clay,  silt,  and  very  fine  or 
fine  sands  (k  < 2C0  x 10“^  cm  per  sec).  The  permeability  k^  is  the 
average  horizontal  permeability  of  all  strata  included  within  the  effec- 
tive thickness  d . 

652^  In  general,  the  effective  thickness  of  the  pervious  substratm 
ranged  from  about  to  165  ft  and  averaged  about  110  ft  for  the  sites 
along  the  Mississippi  River,  except  at  Stovall  where  d is  only  about 
ItO  ft.  At  Cotton  Bayou  on  the  Red  River,  d was  only  about  30  ft. 

653*  Estimated  values  of  k^  ranged  from  about  4C0  to  I6OO  x 10”^ 
cm  per  sec  at  the  sites  along  the  Mississippi  River  except  at  Stovall 

Where  k„  may  be  as  high  as  25GO  x 10  cm  per  sec.  At  Cotton  Bayou 

^ -4 

k^  was  estimated  to  be  only  at<iut  ECO  x 10  cm  per  sec. 

654.  For  sites  in  the  Kenphis  District  and  in  the  Vicksburg  District 
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above  L*  Argent,  in  gener^  ranged  from  about  1000  to  1500  x 10  cm 

per  secj  at  ElArgent  ^d  piezo^ter  sites  farther  downstream,  was 

estimted  to  be  no  greater  than  about  5CO  x 10“^  cm  per  sec.  From  recent 

punning  tests  perfonned  at  the  sites  of  the  Old  River  control  and  lock 

structures , located  about  45  Mies  south  of  Natchez , Miss on  the  right 

, -4 

bank  of  the  Mssissii^i  River,  k^  values  of  1000  and  600  x 10  cm  per 

sec,  respectively,  weJe  obtained.  Thus  it  should  not  be  inferred  that 

_k 

k^  =^11  always  be  less  than  5CO  x 10  cm  per  sec  in  the  alluviad  valley 
below  L’Argentj  however,  lower  values  of  k^  gehereilly  can  be  expected 
below  Ij* Argent  than  farther  upstream. 

655.  A detailed  summary  of  penneability  vMues  of  the  pervious 
substratum,  as  estimated  for  each  site  by  various  methods,  is  given  in 
table  39.  At  Conarerce  and  Trotters  54  where  the  coefficient  of  permea- 
bility of  the  foundation  was  well  defined  from  analyses  of  piezometric 
data  and  natural  seepage  measurements,  well-flow  data,  and  pumping  tests, 
the  values  of  k^  obtained  by  means  of  grain-size  data  and  fig.  I7  were 
within  % of  the  average  value  of  k^  obtained  from  the  above  three  de- 
terminations. At  Trotters  5I  where  iermeabilities  were  obtained  from 
piezometric,  seepage,  and  well-flow  data,  the  value  of  k^  obtained  from 
grain^size  data  and  fig.  I7  was  within  1^  of  the  average  of  the  above  two 
determinations.  In  view  of  these  close  agreements,  values  of  k^  ob- 
tained from  grain-size  data  and  fig.  17  were  Included  when  determining 

k^  at  these  three  sites. 

656.  Poor  agreement  was  obtained  between  the  values  of  the  permea- 
bility of  the  substratum  estimated  from  laboratory  permeability  tests  and 
those  values  obtained  from  piezometric,  seepage,  well-flow  data,  and  pump- 
ing tests  at  the  three  sites  mentioned  above.  This  is  attributed  largely 
to  the  fact  that  the  permeability  of  remolded  samples  of  most  sands  is 
not  as  great  as  the  horizontal  permeability  of  sands  in  situ.  The  poorest 
agreement  was  at  Trotters  54.  At  this  site  the  laboratory  permeability 
data  were  obtained  from  boring  M-56  which  was  advanced  by  use  of  drilling 
mud;  it  is  possible  the  sanples  were  contaminated  by  the  miud,  which  would 
greatly  reduce  the  permeability  as  determined  in  the  laboratory.  In  gen- 
eral, the  use  of  laboratory  permeability  data  to  estimate  k„  at  the 
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sites  studied  gave  values  somewhat  lower  than  those  determined  from  pvunp- 
ing  tests  or  estimated  from  grain-size  data  and  fig.  1?.  The  selected 
values  of  for  the  various  piezometer  sites  were  based  largely  on  the 
following:  punqoing  tests  or  well-flow  and  piezometer  data,  where  avail- 


able; the  relation  between  and  D^q  (as  shown  by  fig,  I7);  partially 


on  seepage  and  piezometric  data,  where  available;  and  to  a very  limited 
extent  on  laboratory  permeability  test  data.  At  Kelson,  where  the  per- 


vious stratum  investigated  consisted  of  silty  sand,  k^  was  estimated 


from  laboratory  permeability  tests  and  Judgment,  as  fig,  17  does  not  apply 
to  finer  grained  soils.  At  Caruthersville  and  Baton  Rouge  it  was  not 
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^ssible  to  estimate  from  grain-size  data,  as  such  data  were  not 
avai^bie.  Although  punning  test,  weii-flow,  and  seepage  data  were  riot 
available  for  all  of  the  piezometer  sites,  it  is  believed  the  values  of 
k^  given  in  tables  36  and  39  reasonable  estimates  of  the  horizontal 
permeability  of  the  substratum  sands. 

657*  From  the  conparisons  made  in  paragraph  655  it  is  believed  that 
at  sites  along  the  Middle  and  Lower  Mississippi  River  Valley  where  nat- 
ural seepage,  pumping  test,  or  well-flow  data  axe  not  available,  k^  can 
be  estj^ted  reasonably  well  from  grain-size  data  and  fig.  IJ.  However, 
if  ^ accurate  value  of  k^  is  required,  field  pumping  tests  should  be 
perfom^d. 

Ratio  of  Permeability  of  Pervious  Substratum 
to  Landsidc  Top  Stratum 

658.  Values  of  obtained  at  the  crest  of  the  1950  high 

water  at  typical  piezometer  lines  are  given  in  table  36  for  each  site. 
These  values  range  from  about  ICO  to  ^XX)  except  at  Eaton  Rouge  where 

k^/kj^j^  revefJ.s  that  values 
as  low  as  25  and  60  were  obtained.  The  values  of  lower 

aquifer  at  Farrell  are  probably  not  comparable  to  those  at  other  sites 
in  view  of  the  unusual  characteristics  of  the  top  stratum  for  the  lower 
aquifer  at  piezometer  line  A (see  plate  120). 

659*  The  relationship  between 
shown  in  fig.  46,  from  which  it  may  be  seen  that  there  is  a tendency  for 
kj/kj^L  increase  as  the  thickness  of  clay  top  stratum  increases.  At 
sites  where  fairly  thick  clay  top  strata  are  present  (L* Argent  and  Baton 
Rouge),  was  quite  high.  This  trend  becomes  more  apparent  from 

the  suianary  in  table  38,  which  relates  values  of  to  thickness 

and  tjpe  of  top  stratum.  The  average  values  of  k^/k^^j^  in  table  38  were 
obtained  from  the  equea'e  of  the  average  of  the  square  roots  of  the  indi- 
vidual permeability  ratios,  because  k^/kj^^  was  based  to  a large  extent 
on  and  VEuried  as  x,  squared. 

As  shown  in  table  38,  average  values  of 
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Fig>  U6i,  Katie  of  pemeabiaity  of  pervious  s^stratum  to  pemeability 
of  landside  top  stratip  at  crest  of  I95O  high  water 

fro%  about  100  to  86OO  as  increased  from  less  than  .5  ft  to  ft 

at  sites  >with  clay  top  stratum.  This  increase  is  attributed  to  the  fact 
that  tends  to  ’'.crease  with  increasing  for  c^ys,  as  previously 

discussed,  and  apparently  predominated  over  variations  in  in  the 
over-all  values  of  ^ 

661,  Qdie  aveiage  permeabi^ty  ratio  for  sites  where  the  top  stratum 
is  predominantly  silty  ranged  fr#i  44|  to  875,  with  an  over-all  avera^ 

of  630,  ®iis  overfall  average  is  about  equal  to  that  for  sites  with  clay 
top  stratum  having  a thickness  of  10  to  15  ft.  No  apparent  increase  in= 
^f^%L  increasing  was  detected^  and;  for  top  stratum  thick- 

nesses of  10  ft  or  less  k^/k^^j^  was  greater  at  silty  sites  than  at 
clayey  sites, 

662.  Ohly  One  piezometer  line  was  installed  beneath  a silty  sand 


^c! 


top  stratum  ^3dne  Cj  Caiut^ierCTille).  where  a penneability  ratio  of  60 
w^  obtained^. 

663*  Althou^  su^estei  values  of  based  on  the  data  in 

table  38  are  rgiven  ^or  designing  seepage  control  measr^s  a.t  sites  where 
piezonffitric  ^ta  ate  not  :availp)le,  it  is  considered  preferable  to  es- 
timate ftom  data  in  table  38,  ^om  grain-size  data  ai^  fig. 

if  or  field  ptanping  tests,  and  then  conipute  the  permeability  ratio. 

Critical  Upward  Gradient 

6^.  Ifexlmum  upw^d  gradients  through  the  top  stratum  obse^ed  in 
1950,.  as  iKasmred  by  piezometers  at  the  vaMous  sites>  and  the  dejp^e  of 
seepage- at  of  near  each  plezoiteter  are  giten  in  summ^^  tables  for  each 
site  in  Part  IV.  Biese  upward  gradients  have  been  plotted  against  the 
cofre^pnding  seep^e  condition  in  fig.  From  this  f ig^e  the  fol- 
lowing general  trends  have  been  noted. 

Seepage  Condition  _ i 


Li^t  to  ho  seepage 
Medium  seepage 
Heafy  seepage 
Sand  boils 


0 to  0.5 

6.2  to>  6.6 

6.4  to-0.7 

6.5  to- 0.8 


665.  it  should  be  noted  that  the  ^adient  required  to  cause  sand 
boils  teries  considerably  at  the  different  sites,  and  relatively  low 
gradients  wete  recorded  near  some  s^d  boil  areas.  !^is  may  be  due  to 
the  fact  that  at  sites  where  sand  boils  developed  previous  to  the  1956' 
Mgh  water.  Only  fairly  low  excess  heads  tey  have  been  required  to  re- 
activate boils  in  1.950  a&^i  as  a relief  of  pressure  occurs  at  the  boil> 
readings  of  piezometers  hear  the  boil  may  be  s(^ewhat  lower  than  those 
farther  from  the  boil.  At  sites  where  sand  boils  have  not  occurred  in- 
the  past,  higher  gf adiehts  may  have  been  requited  to  initiate  formation 
and  de^lopinf ht  of  sand  boils,  although  this  is  dLfiicult  to  ascertain 
because  of  limited  past  seepage  data  at  several  sites. 

666,  From  the  above  data  it  appears  that  a seepage  problem  should 
be  anticipated  whenever  estimated  upward  gradients  eteeed  6.5  to  0.8. 
!^us,  it  is  generally  recommended  that  seepage  control  measures  be 
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Fig.  47.  Severity  Of  seepage  as  related  to  upward 
^a^ent  through  top  stratum 


provided  whenever  seepage* 'df  ipiezometer  observations  indicate  that 
critical  uplift  pressures develop  at  river  stages  equal  to  or  less 
than  project  flood  stageii  K sUch  observations  are  not  available, 
uplift  gradient  should  be  eltimated;  and  if  it  is  greater  than  0.75 > 
seepage  contro"*  is  reconmended.  Methods  of  seepage  control  smd  their 
design  are  discussed  in  Pa^  Vli 


I 

i 
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Effect  of  Natural  Partial  Cutoff s and  Massive 
ClayeDeposits  on  Seepage 

natural  cutoffs 

667.  Piezometer  lines!  were  installed  across  natural  paitial  cutoffs  | 

• ? 


at  StSvall  andtiaitaw  to  TCasure  tM  drop  toshead  acstfas  such  cutoffs.  An 
exaMtetion  of  the  piezo^trie  gratUents  for  these  locations  at  the  crest 
of  the  1950  high  water-(plates  132  and  I77);  shows  no  sigidficant  drop  in 
head  across  the  partial  ^^toffs.  This  cohfirins  analyses  <4id  model  stupes 
of  ps^ial  cutoffs  described  in  P^t  VI  and'  in  Appen^x  B. 

Massive  clay  deposits 

s668.  Ifessive  c3hy  deposits-3i.e  land^^d  of  the  levee  at  certain 
piezo^ter  lims  at  Gaimoh,  Trotters  51,  Stovall,  lower  Francis,  and 
Bo3i-\^.  The  top  stratm  landward'  of  the  levee  at  Gaimoa  and  ^wer 
Francis  is  rather  thin,  Md  the  thick  clay  deposits  i^dward  of  the  levee 
probably  had  relacively  ^ttle  effect  on  the  substratum  pressuires  and 
seepage  at  the^  sites,  except  where  the  thick  clays  intersect  the  levee. 
However,  it  is:  believed  that  the  c^y  deposits  inanediately  landward  of 
the  ievee  at  Trotters  5I  Sto^^J.  had  a very  significant  bearing  on 
the  severe  seethe  conditions  that,  occtirred  during  both  the  I9JT  aM  b95Q 
hi^vwaters.  It  is  not  .possible  -fo  make  a numerical  comparison  between 
presses  and  seepage  at  these  si-^s  with  and  without  such  clay  deposits 
except  by  means  of  theoretical  blaotet  fonm^s  The  clay  sw^e  land- 
ward of  the  levee  at  Stoyall  is  estimated  by  blanket  formulaa  to  have 
increased  the  Head  at  the  levee  toe  at  piezometer  line  A abcnit  above 
that  which  wo\iid  have  e^sted  at  the  crest  of  the  I95O  high  water  had  t& 
swale  hot  been,  present. 

Efficacy:  of  Seepage  Berms^at  Piezometer 
Sites:  for  Controlling  Underseepage~ 

669.  Eixcept  for  the  seepage  berm  at  Gaiimon,  the  berms  at  the  other 
piezometer  sites  are  of  auch  soil  type  and/or  thickness  as  to  smake  them, 
practically  iiiroervious.  (Althou^  some  of  the  berms  ^e  as,  or  more,. 
pery5.ous  than  the  underling  top  stratum,  they  are  tMck  enou^  to  pre- 
vent emergence  of  seepage  at  the  surface  of  the  berm>  and  they  do  not 
have  adegnate  hydraulic  carrying  capacity  to  carry  ^y  appreciable  guan- 
tity  of  seepage  landward'  throu^  the  berm.  Therefore,  they  behave  es- 
sentially as  a practicaiLy  impervious  berm.;)  Thus,  assiaming  that  the 
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riverside  ^d  3^d,sld^  remained  vmchan^d  after  constiraetion  of 

the  berms,  ■ttese  beims  reduced  seepage  and  le^w^d  pressures  only  in 
proportion  to-  the  amot^  their  width  increased  tte  value  of  + ^2  ^ *3 
where  Lg  is  the  ori^nal  base  width  of  the  levee.  As  the  original 
value  of  probably  averaged  about  15OO  ft|.  the  adMtion  of 

a 2^%ft-wide  item  :(t^l cal  of  most  sites)  probably  deertased  seepage 
and  Iffldward  pressures-  by  approximately  10  to  1^  from  those  that  would 
have  occvirrod  without  any  beO&.  Since  borrow  for  most  of  these  berms 
was  obtained  rtverward  of  the  levee,  the  borrow  operations  may  feve  re- 
duced the  effective  value  of  as  much  as  t&  n idth  of  the  berm  in- 
creased L-  . If  sucH  is  the  case,  no  reduction  in  Q or  h would 
result  from  building  the  berm. 

670.  Cgnstructipn  of  the  rather  thick  bsfrt  at  certain  of  the  pi- 

ezometer sites  has  practically  eliminated  the  possible  occurrence  of  sand 
boiijt  at  the  landslde  toe  of  leveei.  Such  benns  have  also  lengthened 

the  path  of  any  potential  piping  ciiannel  that  Mght  endanger  the  levee. 
Howe^r,  as  illustrated  by  the  iar-ge  sand  boil  200  ft  from  the  levee  at 
Stovall  in  1937j  a lOOr  or  2C0rft-wide  berm  does  not  %;  itself  assure 
jon^ldte  safe-^  againfi  underseepage.  Severtheless,  a seepage  berm  does 
protect  the  landside  toe  of  a levee  s.^inst  sloughing  as  a res^t  cf 
satumtion  from  either  through  seepage  or  under  seepage  and  will,  if 
properly  desired,  adequately  control  Underseepage. 

671.  fhe  need  for  adeqi^te  exploration  landward  of  a levee  before 
desi^ng  and  constructing  a berm  is  well  Illustrated  by  the  Trotters  5I 
CT/O.  Stovall  sites  andj  to  a certain  extent,  by  the  site  at  Conatef  ce.  Ee^ 
caus4  cf  the  existence  of  rather  massive  clay  deposits  a short  distance 
lanSrard  cf  the  levee the  construction  of  imperr/ious  berms  at  these 
sits.s  adduced;  the  area  in  which  S'^epage  might  naturally  emerge  .=  Such  a 
concentrating  effect  tends  to  increase  seepage  between  the  landside  toe 
of  tbeborw  ahd  the  rtssive  clay  deposit. 


PARC  VI:  DESIGN  OT  mroERSEm^  C0m0t4-iASUBES 
Control  Keasui^s  and  Criteria  for  Desiln 


c 


672.  !Hie  control  of  underseepage  and  prevention  -of  sand  ‘boito 
landw^d  of  levees  founded  on  deep  strata  Of  pervious  s^^ds  require  soise 
n^asure  that  wild  control  erosional  seepage  and  reduce  excess  pressure 
heneath:  the  landside  top  stratim  to  a safe  value. 

673*  Methods  that  may  he  used  to  control  seepage  are  impervious 
riversMe  blankets>;  relief  welds,  landside  herms,  drain^e  blankets, 
drainage  trenches,  cutoffs,  and  sUhlevees.  The  choice  of  a contfOd  n^as- 
ure  depends  upon  a -nUi^er  of  factors,  ihcluding  the  character  of  tfe 
foundation,  cost,  permanency,  ^ailability  of  right  of  way,  mainte^nce, 
and  di^ipsal  of  sewage  ^ter.  3he  principles  involved  in  each  qt  these 
methods  of  control  ^e  quite  different.  Where  the  peryiOus  substratum 
is  e^qposed  riveiwsurd  Of  a leyee^.  an  impervious  riverside  blanket  acts  to 
control  seepage  by  increasing  the  resistance  to  seepage  entry  into  the 
pervious,  substratumj.  thereby  deceasing  both  seepage  flow  and  excess  presr 
sure  landward  of  the  levee.  An  impervious  cutoff  beneath  a levee  blocks 
the  passage  of  seep^e  beneath  the  levee  even  though  there  is  a re^^ 
entry  for  seepage  into  the  pervious  foundation  through  -yie  river  ctennel 
or  riverside  borrow  pits.  Instead  of  blocking  the  flow  of  seepage  be- 
neath a levee,  relief  welds  along  the  landside  toe  of  a levee  provife 
pressure  relief  and  controlled  seepage  outlets  that  offer  little  resist- 
ance to  flow  but  at  the  same  time  prevent  erosion  of  the  soil.  A Idnd- 
side  bem  controls  linderseepage  by  increasing  the  thickness  of  the  top 
stratum  iomediately  landward  of  the  levee  so  that  the  combined  weight  of 
the  berm  and  top  stratum  is  adequate  to  resist  the  excess  uplift  pressure, 
and  by  increasing  the  path  of  seepage  flow  through  the  pervioas  aquifer 
to  the  extent  that  the  residual  excess  pressure  at  the  toe  of  the  hem 
is  no  longer  criticed-.  Filling  sublevee  basihs  with  water  reduces  the 
activity  and  danger  of  sand  boils  by  counterbalancing  the  excess  head 
beneath  the  top  stratum  in  the  area  encongjassed  by  the  sublevee.  Drainage 
blasikets  and  drainage  trenches  control  seepage  by  intercepting  it  as  it 
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ecprses  the  ^rvlous  substpituo  wiQiout  ewsioa  tto 

Iplace.  Eiey' alsa  proviife  a certain  a^mt  of  trossiire  eduction  lariSmrd 
of  ^vees  where  blaaVet  or  -^nch  contacts  -Uie  tn^rljdng;  ^uifer* 

6jhi  For  Jasons  sUbseqi^tly  discussed^,  only  riverside  hlnntets, 
r^lef  wells,  and  seepa^  herns  are  gei^rally  reccnaietged  for  the  control 
of  seepa^  heneato  levees  along  the  middle  and  lower  reaches  of  the  Mis- 
sissippi Mver. 

675.  Seepage  conteel  measures  ^e  considered  necessary  idiere  ob- 
sepred  or  estimated  values  of  may  eaqiected  to-eq,ual  ot  ^ceed  h^ 
(a^roxinately  0«75  z^)  at  design  flood  sta^s.  If  seepa^  control 
i^asures  ^e  considered  inecessafy,  they  should  be  designed  in=  accordance 
with  the  followi^  criteria: 

a..  For  levees  with  a semi^rvious  tcp  sifetum  landwaard  of 
levee: 

Fli^rsidejblaiiket s « Whe^  no  control  i^asxnres  are 
present,  riversi^  blankets  should  be  teMgned  so 
tMt  i at  the  of  levee  does  irat  excefd 
03  io  0,6i  Where  lands^  berm  wider  than  ifo  ft 
ai«  present,  but  ^ditiqml  coir^l  mastpes 
considered  neces^ry,  riverside  blankets  shovild  be 
designed  so  that  1 at  the  toe  of  the  berm  does 
not  exceed  0.6  to-  0.7* 

Belief  wells.  Wfere  no  control  masures  are  present, 
relief  wells  should  be  desigr^  so  tbat  1 scdd- 

■“  - CjuJW- 

way  between  wells  or  landward  ffoin  the  ^11  llm 
does  not  exceed  0i5  to  0i6.  Where  landside  befias 
wi^r  than  100  ft  are  present,  "^t  additionel  con- 
trol measures  are  consi^red  necessary^,  relief  wells 
should  he  designed  so  ttet  i ~ = 0,6  to  0.7* 

jnsLA 

Seepage  herms.  Seepage  berms  should  have  a width 
and  thickness  such  that  i thrqu^  the  top  steatua 
and  herm  at  the  landside  toe  of  the  leree  will  not 
exceed  0.5,  and  1 at  the  hem  toe  will  not  exceed 
0«75  to  0i80,  Hwever,  seepage  berms  need  not  have 
a width  exceeding  300  to  ijOO  ft  depending  on  soil 
cgjaditions  and  height  of  levee. 

h.  For  levees  witt  no  natural  t^  stratum  lantpaid.  of  levees: 

(1)  Riverside  blankets.  If  creep  mtio  is  less  tten 
values  in  table  2 and  Qg  at  project  flood  stage 
would  be  excessive  ( say  greater  than  ^out  2W  gpm 
per  100  ft  of  levee),  riversito  blankets  should  be 


m 


(2) 


X3) 


I 

9- 

* 

I 


277 


deslgaei  "to  jr^uce  Q to  ah  acceptaBle  acsotiat* 

s 

(2) ;  Relief  vails  i If  creep  latip  is  too  iow  -aM  naturaX 

see^ge  Qg  is  greater  than  abot^  2C^  gpn  per  I(X) 
ft  ^ levee,  wlief  veils  stould  ^ desigo^  to 
int|rcept-  enghgi  seepa^  so  that  "the  mcontaoUhd 
seepage  enserg^  l^wa^  of  the  levee  vill  not  te 
more  th^  abd^  I50  to  20G  @33. 

(3)  See'fege  berms?  If  creep  ratio  la  less  than  valves 
in  table  "2,  length  of  berm  should-  be  stich  as  to  in- 
cre^e  the  creep  f|tio  to  ah.  acceptable  value,  and 

i Ibrou^  "tte  berm  at  toe  of  leprae  to  a v^ue  equal 
to  or  less  than  0,5. 

676,.  The  above-listed  methods  of'imderseepage  control  and  their 
desi^  for  levees  ^ the  iMississippi  River  Valley  are  discussed  in  the 
foU<rving  sections.  The  design  of  drainage  blankets  ^id  trenches,  cut- 
offs,, and  suble-^es  is  also  discussed  as  they  may  have  soe^  appUcation 
in  social  cases  alaig  le^es  in  all\ivial  veOleysi 

Riverside  Blankets 

Pse  of  blankets 

677f  An  impervioi^  riverside  ticket  can  be  vised  to  reduce  the  iUr 
tensity  of  seepage  and  pressures  lAndw^  of  a levee  ^ere  the  pervious 
.substratva  is,  or  is  nearly,  exposed  riverw^xl  cxf  the  levee.  Such  blan- 
kets are  particularly  adapted  to  situations  vhere  no  top  stratum  exists 
riverward  of  the  levee  or  vhere  n»st  of  the  natvoral  top  blanket  has  been 
removed  in  borrow  o^rations.  The  prlrgiry  purpose  of  a riverside  blanket 
is  to  inc^ase  the  distance  from  tie  levee  to  the  point  of  seepage  entry,, 
thereby  reducing  both  seepage  and  landv^rd  pressures.  Riverside  blankets 
can  be  placed  by  hauling  in  and  compacting  relatively  iipervious  soils, 
or  by  constrvuiting  abatis  dites  or  enc<hiragihg  willow  growth  to  promote 
silting  of  borrow  pits. 

Desijgr  of  iblai^ets 

678i  Correct  deslpi  of  a riverside  blanket  requires  determination 
of  the  extent,  ^pe>  thickness,  ai^  peroeability  of  -flie  existing  bisect. 
The  first  ibree  of  these  items  can  be  determined  fr?m  surveys  and  horingsj 
the  permeability  can  then  he  estimted  from  values  of  in  table  37* 

679*  Where  the  blanket  is  to  he  developed  by  E^ans  of  abatis  dikes. 


tm  neff  fill  will  prob^ly  consist  of  silts  dr  silty  sands,  depeifiLlng 
u^a  velocity  and  flow  conditions  ;aloiig  tha  ^ee  dnyifig  high  -sreiter.  On 
“ffis  Isnsis  t>f  ^ta.  in  t^le  37#  pexia^dJi^ty  of  suc^  a blan^t  would 
TTOladjly  be  ateirt  Ito  2 x 10“**^  ca  ^r  sec. 

680.  W^e  hauil-j^  construction  is  conteB^lated>.  reasonable  esti- 
Estts  of  tte>  penaeabijLity  of  blankjet  materials  can  be  obtained  fsba  lab- 
oiatory  tests  on  contacted  sanplesv  15ie  sai^les  should’  be  cos^^icted  to 
a density  i»i  greater  tl^  would  be  attained  in  the  ffeTd. 

681.  Riverside  blankets  for  control  of  midersee^ige  sl^jttld  be  de- 
signed so  that  the  rate  of  seep^e  and  head  at  the  toe  nf  the  levee  are 
Meltable  at  jproject  flood  stagey.  Formula  for  the  design  of  riveirside 
bankets  for  various  coMitions  are  presented  in  the  following  p^agraphs. 
Bffi  fonaulas:  for  blankets  of  tinlfora  thickn^s  are  bas^  on  blan^t 
fcn^ilas  giy^  in  Eart  -Pnmmias  for  triangular-:sb^ed  blankets  are 
bM^  on  for^il^  given  in  reference  3.  V^es  of  ^ in  the  fol^wing 
eiT^tions  c£m^be  detex^ned  frem  piezonseters  or  CM^ted  from  the  f orisulas 
given  in  figs  23.  Val\^s  of  d should  be  based  on  observed  values  of 

h^  as  obtained  from  seej^ge  obsermtions  and  piezoioeter  data  or  computed 
from  gradient  recommeMed  in  paragraph  675.  Required  values  of  the  ef- 
f^tive  leng^  of  rivCTside  blantet  , thickness  ^ permeability 
kg  ;,  and  length  can  he  computed  from  the  formulas  ;|nd  graphs  .given 
In  the  following  paragraphs. 

682.  ^se  r.  Koi:natural  Tiverside  top  stratum  (fie.  1»8).. 


Rig.  If8.  Nomenclature  for  designing- riverside  blankets. 
No  natural  riverside  top  stratum 

a.  Blanket  of  xmifomi  thickness  t 


= "3ft  ■ ") 
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aMi 


X = 

r ' 


^ J;  Cg 


'B 


m 


k^  d Zg 


Various 


coBibiEations  of  ^ and  ^ cm  be  detennined  from  fig.  %9 


. Ibe  best  coinbi^tion  of  Zg  and  is  that  along,  the  x^  curves 
near  the  dashed  ^ne..  After  selecting  Lg 


%,  - 1 


(57> 


An  exaiPOple  of  the  design  of  a riverside  blagtet  based  on  Case  6 in-  figi 
23  for  no  riverside  top  stratum  is  i^vm  below: 
for 

H = 25  ft 

= 3p0  ft  (incl  a lOOrft  berm)  = 4 x lO"*^  cm  per  sec 
=-800  ft 


-U 

k-  ss  3200  X 10  ~ cm  per  sec 

^ - 4 


\ 0*7x  8 =5.6  ft 


d = 80  ft 


k^ 


From  fig.  20j  x^^  (for  d = IW  ft)  = 490  ft  for  ” 

For  d = 80  ft,  x"^  = 0.1  -0 x*2  = 0.1  /S’x  490  = 44o  ft  (L^  “ 
For  = 800  ft, 

x"3  (for  L3  = »)  445 

~ " • = Boo  “ °*55  * 

From  fig.  21^  factor  (F)  for  confuting  x^  for  finite  = I.06 

X3  = (fJ  X*  3 = 1.06  X 446  = 470  ft 


300  = 1330  ft 


or 


■IHtlCjlKI 

immtwt  trwM 

-isiiirifbji 

■IlilMIH 
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iiitnniux 


IllVU/il 


loiiianin 


if  m ntr 


Fig.  49.  Values -of  c for  3^  . FlMte  len^h.  of 

xiversilte  blanfcft  on  -pervious*  substmtua 

Ftot  fig.  49#  select  ^ = iBOO  ^ 
tiiai 


Cj  = O.OOOp 


1200  X 10'  X 80  X OjOOOo 


=^2^>000  . 


For  = Oii  X 10”^  m ^er  sec  ^( contacted  silt),  ^ = 2.9  ft. 

683.  ^ 3 ft  is  considex^  the  Einiiuun  thickcess  perEdssible  for  -a 
riverside  bleaiket,  ti^  final  design  for  tM^  exaH5>le  -would  be  Zg  = 3 
Ig  = 1800  ft>  and  kg  « 0.1  x 10^  cm  i«r  sec.  !BiiJ  tlanhet  would  haye 
a ■felume  of  20,000  cu  ^ jer  100?ft  levee  station. 


= l400  ^ and  kg  = 0.01  x lO”^  cm  pex  sec  (coi^cted  le^  clay), 

Cg  ='0.0003  , 

= 1,150,  c • Zs  = 1.15  ft  . 

TigiR,  a cos^acted  bla^cet  of  3-f t-thick  (ginlmim)  1©^  clay  l4(K)  ft  vide 
would  be  adequate  for  this  assu^d  condituni  it  would  have  a voluis  of 
15>500  cu  yd  per  lOO-ft  levee  station. 


28l 


iBlantet  oC  i;rJ 


■i 

section::? 


^ = tbic^ess  of  blanket  at  levee 
s lengtli  of  triangular  blan^t. 

An  of  tls  designtof  a trian^parly  sbaned  rlverstte  blanket  based 

on  t^  sa:^  ^ei^ous  substiatun  and  lemdvard  conditions  aa  given  in  para- 
Sraj^:682  Is  given  below: 

Assu^;  = l&X)  f t 


ia(x?^ 

,1330 


iBOO  X,1330  - - 

rV  1^  X lo"^  X 80 


= 115,^ 


(1)  Tor  = ISOO  ft  and  = 0.1  x lO"*^  co  per  #ec,  Zg  = 7.2  ft 

(2)  For  = l4C0  ft  and  kg  = 0.01  x lo”^  ca  sec,  Zg  » 3.9  ft. 

The  “^lune  of  blanket  (l):  would  be  23,800  cu  per  l(X)?ft  levee  station; 
the  i^lune  of  banket  (2)  would  be  13»000  ca  ^ per  IGOsft  levee  station 
as  5 ft  is  coni^ered  the  aininua  ^ for  a triangular  l>lani®t. 

684.  Case  H.  Existing  nat^ffial  unifora  top  stratiaa  aM  blanket 


frtja  Jlevee  to  ti 


Bbr^rolature  for  designlj^  riverside  blankets, 
al  unifora  top  strat\aa  f«)S  levee  to  river 
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eind 

tanh  L,  i/.  ^ - 

X =5  " 

l .^  l?f  ^ ^Bb  . h 

fe6a) 

J ^ 

r ^f  ^ ^Bb 

where 

V fB 

« 

Prom  iig.  *49,  obtain 

Zgg  for  , tl^n 

’^Bb  i 

\ i =Bb^  ' 

685.  Case^III. 

■Natural  t-'P  stratiun  riverward  of  borrow,  pit  assumed 

infinite' K Li  > 2000  f t ) land  to  have  same  characteristics  as  ton  stratum 


smd  uniform  hlanket  in  horrow  nit  ifi 


pnin»iuurtV»fiWMiV»nn.urit>ViMmr,mr.ruMfiimnnHHiini)u<HwwiiiiMfflitiMiHiiiiiHwiHMiiinMtiiinrt«miniHiiiimiiinnuiniiiiiniuiiim 


Eig*  51?  Nomenclature  for  designing  riverside  blankets  in  borrov  pits. 
Natural  top  stratum  riverward  of  levee  ir.finite  and  same  as  top  stratum 

and  blanket  in  borrow  pit 


\ = ^2 


Assume 


z„  = 
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Assume 


’Sr.  'S 


Example:  Same  pei^ioixs  substratum  aj^  landwari  conditions  as  e:s^le  on 

page  279. 


ample 

Natm^l  Top  Stratum 
and  Borrow  PitJBlanket 

rv 

(a) 

Sandy  .silt 

4 ft 

1.5  X 10 

cm/sec 

(b) 

Stratified  silt 

4 ft 

0.5  X 10“ 

cm/sec 

(c) 

Clay  silt 

4 ft 

0,1  X 16" 

cm/sec 

x^  = 133Qf-t 


1260  X 10 


» 157>0OO= 


(aO'  For  and  Hg  = x lO'^  cm.  per  sec  ^natural  river  deposit 

of  silt^  z„  = 23.5  ft 

^ “lx 

(b?)}  For  and  1^,  = 0,5  x 10  cm  per  sec  •(corai».cted  blanket  of 


silt)  ‘Zg  = 7.8  ft 


(cOi  For  and  = 0.1  x 10  cm*  per  sec  ?(corapMt^  blanket  of 

clay  siit)  Zg  i 1.6  ft. 


Thus,  for  the  pervious  substrattim  and  landward*  conditions  assumed  in  the 
above  examples,  filling  a riverside  borrow  pit  ^with  a soil  having  a 
kg,  5 1.5  X Ip”  cm  ]^r  sec  would  not  ba  a practical  seepage  control  meas? 
ure  vwhere  = 1.5  x 10“^  cm  per  sec.  Whether  or  not  the  blanket 
thicknesses  computed  in  examples  (b)  and  (c)  would  be  practical  would 
depend  upon,  the  thicioiess  and  permeability  of  the  natural  top  stratum 
riveivaxd  of  the  borrow  pit  the  width  of  the  borrow-  pit  • 


3 
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(37) 


Example;  S^e  penrious  substratvm  and  l^dward'  condition  as  exanqjle  on 
page  279* 


= 500  ft 


From  fig.  53>. 


or 


Xj.  = 1330  ft 


Cg,=  0.00133 


J3 

% 


' - • 2li'  ■ ■■ — " • ■ C 

1200  X 10-  X 80 -X  (O.COI33) 
-4 


^ per  sec  (natural  fiver  deposit  of  silt)) 


(b) 

(c) 


cm  per  sec  (compacted  blanket  of  sidt) 


,-4 


cm  per  sec  (coarwcted  blanket  of  c!^y  silt') 


(a)  For  = 1.5  X 10" 

Zg  = 8.8  ft 

Fbr  kg  * 0.5  X 10" 

Ig  = 2.9  ft 

For  kg,  = 0.1  X 10' 

Zg  » 0.6  ft. 

'688.  If  in  the  above  example  a uniform  natural  blanket  had  been 
present  in  the  borrow  pit  and  an.  additional  blanket  w^e  considered 
necessary,  the  procedure  u|ecl  above  would  yield-  the  total  bianket  thick- 
ness Zg^  and  average  i>ermea.billty  kg^  . The  required  thickness  Zg 
and  permeability  kg  of  the  new  blanket  can  then  be  obtained  from  the 
thickness  and  permeability  of  the  existing  blaidcet  and  equation  3a. 

689.  from  the  previous  formulas  and  numerical  examples  it  can  be 
seen  that,  if  the  permeability  of  the  blanket  is  less  than  about  0.1  x 
10“"*  cm  per  sec,  a itoimum  thickness  of  blanket  (3  to  5 ft)  will  usimlly 
be  adequate.  To  obtain  such  a permeability,  the  blanket  would  neces- 
sarily be  of  compacted  clay  or  clay  silt*  Natiural  blankets  resulting 
from  siltation  by  means  of  abatis  dikes  and  willow  grp^h  will  result  in 
an  increase  in  x,  and  s , but  may  not  suffice  to  reduce  h„  to  h 
because  such  a blanl^t  niay  be  fairly  pervious  (kg  = 1 to  2 x 10  cm 
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per  sec)>.  Blai&ets  developed?  by  means  of  abatis  dikes  may  be  adequate 
where  h.  without  the  blanket  does  ihot  greatly  exceed  h . 

O'  A 'fl 

6^.  According  to  Behhett'^  a briangular-steped  bl^iket  will  tend 
to  be  about  25  per  cent  more  efficient  for  the  same  length  and  volume  of 
mterial-  as  a imiform  blanket  of  constant  thickness.  Triangular  blai&ets 
ai«  desirable  where  long  blankets  exe  contenplated  but  probably  would  not 
be  used  in  narrow  riverside  borrow  pits.  Procedures  for  designing  trir 
Mgular  blankets  are  given  in  reference  3* 

Relief  Wells. 


Use  of  relief  wells 

^1.  Relief  weUs  of  proper  spacing  and  penetration  can  be  used 
to  reduce  excess  hydrostatic  pressure  land^rd  of’  levees  underlain  by  a 
pervious  foundation  for  a wide  range  of  seepage  entrances,  founfetion 
conditions,  and  landward  top.  strata?  The  primary  purpose  of  relief  wells 
is  to  reduce  artesian;  pressures  above  the  ground  surface  which  otherwise 
would  cause  formation  of  sand  boils  and  possibly  subsxurface  piping, 
^oper^  desired  wells  also  reduce  substratum  pressures  for  a sufficient 
^stance  landw^d  of  the  levae  to  preclude  the  possibility  of  dangerous 
seepage  landw^d  of  the  line  of  weids.  Relief  wells  also  intercept  and 
provide  controided  outlets  for  seepage  which  otherwise  Would  emerge  un- 
controlded  landward  of  the  levee. 

692.  Relief  wells  should  be  designed  to  penetrate  into  the  prin- 
cipal pervious  strata  to  obtain  efficient  pressxire  relief,  especially 
where  the  foundation  is  stratified*  Wells  should  be  spaced  sufficiently 
close  together  to  intercept  seepage  and  reduce  to  safe  values  hydrostatic 
pressure  which  otherwise  wovdd  act  beyond  the  wells.  Wells  must  offer 
little  resistance  to  water  flowing  through  the  screen  and  out  of  the  well; 
they  must  prevent  infiltration  of  sand  into  the  well  after  initial  de- 
velopment; and  they  must  be  able  to  resist  the  deteriorative  action  of 
water,  soil,  and  bacteria. 

^3*  Disadvantages  of  relief  wells  are  that  they  require  periodic 
inspection  and  maintenance  (see  Part  VIIl^,  they  must  be  protected  from 
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■backflopding>.  and  they  increase  the  total  quemtity  of  seepage  ahdut  ^ 
to  depending  on  conditions.  However,  these  disadvantages  can  partially 
he  overcome  hy  providiiag  a suitable  well  /^ard,.  check  valve  and  nxbber 
gasket,,  and  standpipe  to  prevent  the  wells  from  flowing  at  low  flood 
heists. 

^4.  !^e  principles  of  controlling  seepage  by  relief  wells  are  il- 

lustrated by  figs.  54-58i  These  date  were  cbteined  from  s^d  models 
built  to  simulate  typical  conditions  along  Mississippi  River  levees. 
(Additional  teta  from  these  model  studies  are  presented  in  Appendix  A;; 
results,  of  full-scale  test  on  a relief  well  system  at  Trotters  54  etre 
summarized  in  Appendix  D^)  The  effects  of  well  spacing  and  penetration 
on  seepage,  well  flows,  and  substratum  pressures  in  a homogeneous  sand 
foundation  are  jullustrated  for  various  landside  top  strata  in  figs.  54^56. 
Ihe  effects  Of  stratification  Md  borrow  pit  conditions  on  the  operation 
of  well  systems  are  illustrated  in  figs.  57  and  58.  It  is  apparent  from 
figs.  57  and  58  that  wells  should  penettete  the  more  .pervious  sttate  of 
the  substratim  in  order  to  efficiently  reUeve  substratum  pressures. 

From  fig.  56  it  is  seen  that  relief  wells  increase  the  total  quantity  of 
seepage  somewhat,  althou^  they  materially  reduce  the  natural  seepage 
through  the  landside  top  stratum  (e^g.,  wells  on  150-ft  spacing  increased 
the  total  seepage  255^  ^ut  decreased  the  seepage  emerging  through  the  top 
stratum  by  755^).  As  only  about  20  to  405&  of  the  levees  along  the  Middle 
and  Lower  Mississippi  River  are  possibly  critical  with  respect  tO  dangerous 
substratum  pressures,  the  total  seepage  flow  along  the  levee  system  would 
not  be  increased  by  m.Te  than  about  10  to  Also,  the  flow  resulting 

from  surface  runoff  and  general  seepage  during  flood  that  m-.st  be  accom- 
modated by  any  existing  surface  drainage  system  landward  of  the  levee  is 
appreciable  without  relief  weHs.  The  increase  in  this  flow  that  would 
be  caused  by  the  installation  of  relief  wells  edong  certain  critical 
reaches  of  the  levee  would  be  relatively  small  during  high  water. 

695*  Pertinent  factors  to  be  considered  in  the  design  of  well 
systems  are  well  radius,  well  spacing,  depth  and  permeability  of  the 
foundation,  stratification  of  the  foundation,  distance  to  the  effective 
source  of  seepage,  characteristics  Of  the  landside  top  stratum,  net  head 


WAlfvl 


Flg»  5lf.  j^ydraulic  grade  line  ifencath  top  stratua  idth  aM  wit^t 
relief  ve^.  HbapgeaKma  sand  foundation  and  relatively  iB5>ei^ous 
Ij^side  top  stratum  (H^el  A) 


MSMCintlarM 


Well  Specif^  in  Feet 


Fig.  5^.  Well  flov  aM  seepage*  Hooogeneous  sand  fotmdatlon  and 
relatively  inopervious  landslde  top  atrattta  (Model  A) 


Pr«»ur*  1(1  Ptfcenl  of  Net  Hold  Pretw(«  In  Ptfcenl  of  Net  Heed  Pretsure  In  Percent  of  Net  Heed 


' ' MOOELB^  • 

SEEPAGE  ENTRANCE  RWER  tOOO  FT  FROM  waiS 


Oisttnce  From  River  in  Feet 


5T»  Hydraulic  grade  line  beneath  top  strattua  with  relief  wells 
aai  various  seepage  entrances.  Stratified,  sand  foundation  and  inper- 
vious  landside  top  stratun  (^k)del  B) 


on  the  levee,  and  degree  of  pressu^  relief  or  seepage  interception  de- 
sired. 

Design  of.jthe  well 

696i  The  design  of  the  well  itself  consists  of  tte  selection  of 
type  md  length  of  riser  pipe  and  screen,  design  of  the  gravel  filter, 
and  design  =of  relief  well  appurten^ces . Treated  wood-stave  riser  and 
screen  is  economical  and  noncorrosive,  and  is  recommended  for  relief 
wells.  I^e  uppermost  10  to  15  ft  of  the  riser  pipe  should? lie  surrounded 
by  concrete  backfill  to  insure  a^inst  decay  resulting  from;  fluctuations 
in  grouhd-TOter  level.  To  prevent  filter  gravel  from  entering  the  well 
and  to  minimize  screen  entr^ce  heM  losses,  the  slots  in  the  well  screen 
must  have  adequate  area  and  yet  be  of  such  size  as  to  prevent  movement 
of  filter  through  the  screen  after  development  of  the  well  (see  criteria 
below) . 


(Hin)Dg^  Filter 
Slot  width 


S 1.2  or 


(Min)Dg^  Filter 
Hole  diM 


S 1.0 


The  gratotion  of  the  filter  must  a^c  conply  with  the  following  criteria : 

(Kax)Dj^^  Filter  (Hin)Dj^5  Filter 

(Min)Dg^  Sand  ^5*0  «ind  Sand  ^ ^ * 

Wooden  screens  for  relief  wells  are  commercially  available  with  3/l6-  x 
3-l/4-in.  slots  and  with  open  area  of  the  slots  equal  to  1C$  of  the  cir- 
cumferential area  of  the  screen. 

Wells  in  the  alluvial  valley  of  the  Mississippi  River  should 
have  an  inside  diameter  of  8 in.  in  order  that  their  carrying  capacity 
will  be  ai^uate  without  excessive  head  loss  in  the  well.  Ah  8-in.  well 
with  a 6-^in.  gravel  filter  has  an  effective  redius  of  about  0.8  to  1.0  ft. 

6sSi  In  a stratified  foundation,  the  effective  well  penetration 
usually  differs  from  that  computed  from  the  ratio  of  the  length  of  well 
screen  to  total  thickness  of  the  aquifer.  The  effective  screen  penetra- 
tion W of  a well  screen  length  W in  a stratified  foundation  can  be 
determined  in  the  following  manner.  Each  stratum  of  the  pervious  sub- 
stratum itttb  thickness  d^^  and  horizontal  and  vertical  permeability 


coefficients  ^ emd  ^ c^  be  transfom^d  into  an  isotropic 

layer  of  thickness  d^  and  permeabidity  by  means  of  the  following 
e^tiois; 


d = d - 
in  n. 


V “ n 


V - n 


thickness  of  the  transformed,  homogeneous,  isotropic  foundation  D is 


5 


and  the  effective  i^rmeability  of  the  transformed  foundation  K is 


- n> 


W . „ J 


Ihe  effective  well  screen  penetration  W into  the  transformed  foundation 


E d kj, 
n Ti  - n 


The  per  cent  penetration  of  the  well  screen  in  the  transformed  foundation 


(s>- 


W W 

100  Z d k_  100  S d kj, 

ntt-n  „nn-n 

o o 

” ' “ n 

« n TI  - n 


699*  Along  the  middle  portion  of  the  Mississippi  River  where  the 
substratum  tends  to  become  more  pervious  with  depth  and  where  the  effec- 
tive thiclmess  averages  about  100  ft,  it  has  been  found  i'rora  puii5)ing 
tests  that  to  achieve  an  effective  penetration  of  505&,  the  wells  should 

penetrate  about  60f>  of  the  principdi  seepage  carrying  aquifer  on  a length 
ck 

basis.  Ihis  degree  of  penetration  usually  results  in  wells  about  75  to 


H.0'  ft  deep,  principatl  seepage  carrying  ^uifer  is  considered  to  "be 
the  strata  of  sands  heldv  the  upper  top  strata  of  clays,  silts,  aid  fine 
saMs  and  above  the  valley  floor.  A depth  of  about  1^  ft  represents 
about  the  economical  limit  for  well  installation;  and,  therefore,  a 50^ 
pefetrating  system  is  ab^t  the  practical  tBAyiTTnim  that  can  be  achiwed 
alq^  Mississii^i  RiVcr  ^vees.  In  general,  it  is  believed  that  reUef 
wells  along:Hississippl  ^ver  levees  should  be  designed  on  the  basis  of 
an  effective  penetration  of  about  of  the  main  sand  aquifer. 

700.  Ito  prevent  wells  from  becoming  bacMlooded  with  muddy  surface 
water  (which  #eatly  impairs  their  efficiency)  when  they  are  not  fio*ring, 
a check  valve  and  rubber  gasket  shotOd  be  installed  on  each  well.  A 
sitrole,  inejspensive  aluminum  check  i^ve  and  rubber  gau^ket  have  been 
foi^  to  effectively  protect  wells  from  backfl^jding  both  in  the  St?  Louis 
District  and  te  simulated  field  tests  at  the  Waterways  Ebroeriment  Stetion. 
As  a safeguard  ag^dnst  animals,  vandalism,  or  ^cidental  damage,  the  tops 
of  the  relief  wells  should  be  provi<ted  with  a metal  well  guard  to  protect 
the  check  valve  and  stardpipe  and  to  prevent  the  entrance  of  debris* 

These  devices  will  greatly  reduce  required  maintenance.  To  prevent  wells 
from  discharging  when  th^e  is  relatively  little  head  on  the  levee  no 
prcssvure  relief  is  necestery,  plastic  standpipes  can  be  used  to  raise  the 
discharge  elevation  of  the  wells,  ^e  saximuia  height  of  the  standpipe 
should  not  exceed  0.25  h ; they  should  be  removed  when  the  hydrostatic 
head  in  the  foundation  causes  them  to  overflow.  These  arpurtenances  are 
illustrated  in  Part  VH. 

Design  formulas 

701.  Formulas  for  designing  relief  wells  have  been  developed  from 

1 23 

theoretical  aM  model  studies,  ' but  \mtil  recently  these  formulas  were 
limited  to  fully  penetrating  wells  with  either  an  inpervious  or  leaking 
top  stratum,  or  partially  penetrating  wells  with  an  inpervious  tcp  stratum. 
For  conditions  encountered  along  the  Lower  Mississippi  River,  formulas 
are  required  for  designing  partially  penetrating  wells  with  a leaking  top 
stratum,  A set  of  design  curves  for  this  case  was  de’^sed  in  1952  by  the 
Waterways  Ejperiment  Station  by  combining  formulas  and  p^phs  given  in 
references  1 aid  23.  These  curves  were  used  to  design  the  relief  well 


systems  recently  instelled  in  the  St.  Louis  District.  Since  then,  elec- 
trical analogy  nodel  studies  have  heeh  con^cted  uiiiier  Civil  Works  In- 
vesti^tion  B?.  510  to  obtain  desi^  curves  for  pa^ially  penet-rating 
veils  ^th  a leaking  t<^  stratum;  design  graphs  and  procedures  resulting 
from  this  investigation  are  ^ven  in.  CCE  Civil  Worlffi  Bulletin 
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Belief  yell  Design.  Design  curves  and  procedures  contained  herein 

are  based  on  data  given  in  t^is  bulletin. 

702.  landside  top  stratum.  Eie  desi^  of  a well  system  consists 

essentially  of  determining  t^  spacing  and  ^netration  of  wells  t^t  will 

reduce  the  substratum  nressuie  h at  the  toe  of  the  levee  to  an  allow- 

* o 

able  head  h * The  well  pacing  is  first  determined  assuming  an  infinite 

lire  of  veils,  and  then  the  g^lng  is  reduced,  where  necessary,  to  allow 

for  tl^  reduced  efficiency  of  a finite  line  of  wells  as  ctmipared  to  an 

infinite  line.  ?or  given  values  of  h ,H,s,k,  and  x , there 

a X , 

are  any  nusber  of  ctad?1  nations  of  well  spacing  and  peretration  that  will 

suffice;  the  final  selected  spacing  and  penetration  shotild  be  based,  to 

26 

an  extent,  on.  the  roost  economical  design. 

703*  nomenclature  and  equations  for  design  of  relief  wells 
given  in  fig.  59  are  for  an  infinite  line  of  wells  penetrating  into  a 
horegereous,  isotropic  ( Ittor  natural  or  transforc^)  pervious  substratum 
overlain  by  a leaking  tqp  stratum.  To  determine  the  required  spacing  of 
an  infinite  lire  of  wells  of  given  W and  W/d  , it  is  recessary  to 
utilize  the  following  procedure  of  successive  trials,  and  the  ncnograph 
for  veX^  design  in  fig.  60,  The  required  well  spacing  is  effected  by 
bydrauUc  head  losses  in  the  well;  these  losses  which  consist  of  screen 
entrance  loss,  friction  luss,  and  velocily  hesd  loss  can  be  estimated 
for  an  8-in.  ID  wood-stave  well  frem  fig.  6I.  The  procedure  for  computing 
bhe  well  spacing  is  outlined  below. 

a.  (kxnmite  h troa  h = i z . . 

— * a a o t 

b.  Assure  that  H = h and  cocpute  dM  fitHi  equation  46. 

dV  d 

c.  Asstm^  a veU  spacing  a and  compute  fraa  equation 

" 47.  ^ 

d.  Estireto  H for  the  above  ft  aM  W/d  by  means  of 

fig.  61.  ^ 
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Fis*  59*  Nomenclature  and  formulas 
Confute 


MS) 

(4S) 

M7) 

MS) 


h.  • t t»  ». 

for  design  of  relief  wells 


e. 

f. 


from  equation  43. 
Substitute  the  above  values  of 


48  and  solve  for  9 for  veirious^alues  of 


and  AM 


av 


in  equation 

a . 


g.  Find  Qqy  from  fig.  60  for  the  values  of  a used  in 


step  (f)  and  the  corresponding  a/r^  and  D/a 


h. 


The  first  trial  well  spacing  is  that  of  value 
which  6 


values, 
for 


i.  Find 


av 

6 from  fig 
-HI 


from  step  (f)  = 9„„  from  step  (g). 

&V 


60  for  the  first  trial  well  spacing 


and  the^'corresponding  values  of  a/r^  and  D/a 


J. 


If  Qg^v  > 7 repeat  procedure  steps  (c;  to  (i)  inclu- 

sive using  ^e  first  trial  well  spacing  in  lieu  of  the 
spacing  originally  assumed  in  step  (c),  and  determine 
the  second  trial  well  spacing.  The  above  procedure  should 


Nomographic  ch^t  for  desij^  of  relief  well  systems 


te  repeated  until  re34tively  cor^istent  values  of  a are 
obtained  on  two  successive  trials^  although  usually  the 
second,  tridl  spacing  is  sufficiently  accurate. 


If  in  procedure  step  ( i),  0^^  following  procedure  should 

he  used: 

k.  ^j3?ume  that  H = h and  compute  Q.  from  equation 

~ using  the  value  of  previously  bb^tained  in  step  (h)> 
and  the  first  trial  well  spacing  previously  found  from 
step  (h) . 

l.  Estimate  II  from  Q,  - of  step  Ok)  and  W/d  , by  means 
~ of  fig.  6l.^ 

m.  Compute  h<  from  equation  45  from  H obtained  in  step 

- (1).  w 

n.  Compute  h ^ from  equation  44  using  hjn  from  step  (m) 

~ and  ^d  0 from  steps  (h)  and  (i),  respectively. 


299 

o.  From  vthe  above  ■\^ues  of  h Md  St  . compute  H 
from  equation  43. 

p.  Compirte  frc^  eqi^ion  46  using  Jteom.  step  %>) . 

q.  Substitute  the  :^ove  values  of  h and  in  ^equation 

■49  and  solve  for  0 for  i^ibus^Sralues  of  a i 

" - m 

r.  /Find  O ftom  f ig.  ^ for  the  values:  of  a used  in  istep 

(q)  and^the  corresponding  a/r  and.  D/a  values. 

^ "W 

a.  'The  second  trial  well'  spacing  is  that  veOue  of  a for 
which  from;  step  =.(q)  = Qjjj  from  step  (/r). 

t.  Find  0^^  from  fig.  <60  for  the  second  trial  well  spacing 
■and  the  cprrespqhding  values  of  a/r  and  D/a  . 

u^.  /Determine  the  tMrd  trial  well  spacing  by  repeating  steps 
.(k)  to  (4)/  inclusivej,  using  the  second  trial  well  spacing 
in  lieu  of  the  spacing  originally  assumed  In  step  (k)> 
and  in.  step  (n);  . using  the  ^lues  of  0^^^  and  0-^  from 
steps-(s)  and  (M)y  respectively^^  instead  of  those  from 
steps  (h)  and  (§}  Mis  pjoced^e  stould  be  repeated 
until  relatively  consistent  values  of  a are  oBtainfd 
•on  Wp  successive  tri^s.  Normally  it  will  be  found  that 
the  third  trial  spacing  will  be  sufficiently  accurate  for 
desi^  pufposesi 


704.  In  a sho^,  finite  line  of  wells,  the  heads  midway  between 

■wells  exceed  those  obtained  for  an  infinite  line  of  relief  wells  both  at 

the  center  and  hear  the  endo  of  the  well  system.  Nuiferous.  well  systems 

■may  be  fairly  short  ^less  than  1200  ft  in  length),  and  for  these  it  will 

be  necessary  to  reduce  the  well  spacing  co^uted  for  an  infinite  line  of 

weUs  so  that  heads  midway  between  wells  i^ll  not  be  more  than  >h  . 

a 

The  ratio  of  the  head  midway  between  wells  at  the  center  of  finite  well 

systems  to  the  head  between  wells  in  an  infinite  line  of  weUs  is  shown 

in  fig.  62  for  various  well  spaciugs  and  exit  lengths.  The  spacing  of 

wells  in  a finite  line  should  be  the  .same  as  that  required  in  an  infinite 

line  of  wells  to  reduce  the  head  midway  between  wells  to  h divided  by 

H 
“n 

ratio  of  g—  from  fig.  62.  In  any  finite  line  of  wells  of  constant 
00 

penetration  and  spacing,  the  head  midway  between  wells  near  the  ends  of 
the  system  exceeds  that  at  the  center  of  the  system.  Thus,  at  the  ends 
of  'oth  short  and  long  well  systems,  the  wells  should  generally  be  made 
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Pig.  62.  Ratio  of  head  midway  between  wells  at  center  of  a finite  well 
system  to  head  midway  betafeen  wells  in  an  infinite  line  of  wells 


deeper  to  provide  additional  penetration  of  the  pervious  substratum  so 
as  to  obtain  the  s^e  head  reduction  as  in  the  central  part  of  the  well 
line. 

705.  After  the  well  spacing  for  a given  reach  of  levee  has-been 
determined,  the  location  of  each  well  should  be  checked  in  the  office  and 
in  the  field  and  adjusted  where  necessary  so  that  the  wells  will  be  lo- 
cated at  critical  seepage  spots  and  will  fit  natural  topographic  features 

706.  A set  of  design  curves  generally  applicable  for  designing  re- 
lief well  systerj’  for  levees  along  the  Lower  Mississippi  River  has  been 
developed  for  average  foiindation  conditions  and  for  distances  to  the  ef- 
fective source  of  seepage  of  500,  lOCO,  15OO,  and  2COO  ft  (see  figs.  63- 
66).  The  curves  are  for  wells  with  an  effective  penetration  of 

r = 1 ft  and  D = 100  ft  . The  heads  midway  between  wells  in  per  cent 

W 

are  based  on  0 „ or  9 , whichever  is  greater,  and  are  valid  for  H = 
about  20  to  35  ft.  The  well  flows  are  based  on  = I25O  x 10**^  cm/sec, 
or  about  the  average  for  sites  above  L’ Argent,  La.,  as  the  most  critical 
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Fig.  63.  Well  flow  and  head  midway  between  wells;  s 
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Fig.  64.  Well  flow  and  head  midway  between  wellsj  s = 1000  ft 


htwMnwtIltl.- pwcMl  -^-W^IIITaWIngrmitwhkH^ 


reaches  of  levee  re^rds  seepage  generally  exist  upstream  of  this 
pointi  i&ere  is  not  eq,vial  to  ^50  x lO”^  cm:  per  sec  and/or  D / 

100  S/®  determined  from  the  curves  in  figs.  63-66,  then 


multiplied  by 


125,500 


where  k„  is  in  10“  cm  per  sec  units  and  D is 


in  feet.  Values  of  H and  for  values  of  s other  th^  those 

in  figs.  63-66  can  be  obtained  by  interpolation. 

707.  The  following  numerical  example  illustrates  the  use  of  the 
desi^  curves.  Assu^  = 1000  x 10  cm  per  sec,  D = 90  ft,  s = 

1000  ft,  x^  = 500  ft,  H = 24  ft,  = 8.0  ft;  compute  the  required 
spacing  of  a 750-ft  dine  of  8-in.  ID  wells  penetrating  3C$  of  the  aquifer, 

with  i^  = 0.50. 


h = i z . = 0.50  X 8.0  = 4.0  ft 

& O *v 


= 0.167  or  16.7^ 


From  fig.  64,  a = 200  ft  for  = 16.7?^  which  is  the  spacing  re- 
quired for  an  infinite  line  of  wells.  However,  for  a 750-ft  line  of 
wells  and  a = 200  ft 


L& 


from  fig.  62 


or  would  be  12^  greater  than  the  eiUowable  value.  Thus  the  system 
should  be  designed  assvuning  H^/H  = 16.7^  * 1.12  = 14.9^S;  the  required 
well  spacing  from  fig.  64  is  175  ft.  From  fig.  64,  Q^H  = I8.7  gpm/ft 
for  a = 175  ft  and  k^  = 1250  x 10"^  cm  per  sec  and  D = ICO  ft  . 

For  k^  = 1000  X lO"^  cm  per  sec  and  D = 90  ft. 

^ = 18.7  gpm  X ^ " ^3.5  gpm/ft 

® 1250  X 10"^ 

and  for  H = 24  f t 


SB 


3o6 


= 13«5  gpni/fl  X 2U  ft  = 32J  gpm 


It  shoulU^  te  noted  that  the  flows  from  wells  near  the  ends  of  the  system 
would  exceed  325  gpm  hecause  of  the  tendency  for  seepage  to  concentrate 
at  the  ends  of  the  weU.  line. 

708.  On  the  basis  of  the  data  shown  in  fig.  56  for  aodel  A,  the 
characteristics  of  which  were  simil^  to  those  in  the  above  example,  it 
appears  l^t  this  system  of  wells  would  increase  the  total  qi^tity  of 
seepage  posing  beneath  the  levee  by  about  2^.  Conputatio^;  based  on 
formulas  in  fig.  59  and  data  in  figs.  60  and  6l  indicate  that  this  finite 
well  system  would  increase  the  total  quantity  of  seepage  by  about  20  to 
32^  as  shc^  by  the  fplibwing  comj^tations.  The  seepage  Q with  no 

"*  g 

wells  would  be 

a E o.a;.rt/niln  x 90.it  X 24  ft  x™  ,, 

“s  — "~Tc(i5-ft  t 5(ia  ft 


Q - 215  gpm/lOO  ft  of  levee  . 

S 


Well  flow  i>er  ICO  ft  of  levee,  for  wells  spaced  bn  175-ft  centers,  is 
Sf(lOO)  = 325  gpm  X ^ = 185  gpm/lCp  ft  of  levee  . 
Seepage  beyond  the  well  system  csua  be  conputed  as  follows; 

S»  X3 

can  be  conputed  from  equation  43  as  follows; 

D _ 90  f t _ a _ 175  « _ jrj. 

a **  TiTit  - r“  " * 


From  fig.  60,  0^^  = 1*10  and  0^^  = l.(X)  . For  = 325  8Pm,  = 0.8 

ft  from  fig.  61,  and,  therefore. 
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h.  = d - H = 4.0  ft  - 0,8  ft  = 3.2  ft 
m m V 


&- 


li.  = h 

av  m 


ay 


m 


= 3.2  ft  X 


1.00 

1.10 


= 2i9  ft 


= 2.9  ft  + 0.8  ft  = 3.7  ft 


thus 

Q = 9-:.?  X 100  X 7.5  = 100  gpm/lOO  ft  of  levee . 

SW  pUU  it 


The  percentage  increase  in  total  flow  due  to  relief  wells  is 

X lOC^ 


^(100)  ^sw 


or 


709.  It  shouid  he  noted  that  the  above  comj^tations  axe  based  oh 
the  assumption  that  the  flow  without  wells  would  be  laminar  throu^  tte 
top  stratum  and  that  no  boils  would  develop.  For  conditions  in  the  above 
example,  the  maxima  possible  head  at  the  toe  of  the  levee  without  wel^ 
would  be  about  0.75  or  6 ft,  which  correspon(^  to  an  H of  I8  ft, 

V 

For  H ^eater  than  I8  ft,  sand  boils  irould  probably  develop  and  at  an 

H of  24  ft  , Q might  be  a,s  large  as  240  gpm,  and  the  per  cent  increase 
s 

in  total  flow  as  a result  of  relief  wells  would  be 


185  + ICO  .•  240 

25o 


X 100^  = 19^  . 


710,  No  landslip  top  stratum.  {■Jhere  no  top  stratum  is  present 
landward  of  the  levee,  and  it  is  desired  to  intercept  a certain  portion 
of  the  seepage  beneath  the  levee  by  means  of  relief  wells,  their  spacing 
on  the  basis  of  5C^  penetration  of  the  pervious  aquifer  can  be  estimated 
by  means  of  figs,  63-65  as  described  below. 

711.  The  value  of  x^  to  be  used  for  an  isotrcpic,  homogeneous 
foundation  (either  natural  or  transforn^d)  with  no  landside  top  stratum 


I 


I 


I 


» 


3o8; 


Is  eqv^  to  43^  tof  the  thlc&ess  of  the  ^rvious  substiratuin.  Prm^moael 
stupes,  it  was  found  that  *^th  no  landside  top  stratum,  the  increase  in 
toi^  quantity  of  seepage  ^ a result  of  the  instal3jation  of  relief  wells 
was  only  about  ^ (see  fig.  A5).  Therefore,  'he  total  quantity  of  seepa^ 
posing  beneath  the  levee  with  or  without  wells  can  estimated  frem 
foitiulas  for  case  3 shown  in  fig.  22.  ®e  well  spacing  can  then  be  se- 
lected so  that  the  desired  amount  of  seepage  will  be  intercepted^ 

712.  If,  for  example,,  x^^  = 6OO  tt,  Ig  = 4CW  ft,  s = 10^  ft, 

= 1000  X lO"^  cm  per  sec  or  0.2  ft  per  min,  D = 1^  ft,  and  H = ^ 
ft,,  the  natural  seepage  bei^ath  the  levee  would  be  4^  gpm  per  1^  ft  of 
levee  from  the  formula  for  case  3,  fig.  22.  If  the  imcontrolled  natural 
seep^e  is  to  be  reduced  to,  say,  200  ^m  per  ICO  ft  of  levee  or  by 
tlfe  required  well  spacing  for  yt}>  penetration  wells  can  be  esti^ted  frcsa 
fig.  64  (for  I = 1000  ft),  using  x^  = 0.43  ^ or  52  ft,  in  the  following 
manner. 

'713.  To  intercept  50^  of  the  total  natural  seepage,  the  well  flow 
must  be  about  SX)  gpm  per  100  ft  of  letee  or 

Q X = aX)  gpm 


From  fig.  64  (s  = 1000  ft)  values  of  are  obteimd  for  various  well 

spacings,  a , for  x^  = 52  ft,  = 1250  x 10“^  cm  per  sec,  aM  d = 1(X> 

ft.  These  values  of  QVh  must  then  be  adjusted  to  values  corrcspoi^Ling 

-4  " 

te  = lOCKD  X 10  cm  per  sec  and  d = 120  ft. 


a 

in  ft 

Q in  gm/ft  for 

% ICK) 
H ^ a 
pm/tt 

Ifell  Flow 
100  ft 
of  levee 
in  gpa 

k^  = 1250 
d = 100  ft 

k^  = 1(XX) 
d = 120  ft 

40 

3.1 

3.0 

7.5 

188 

30 

3.8 

3.7 

7.4 

185 

60 

4.2 

4.0 

6.7- 

168 

309 

Frm  this  tSmlation  it  appears  that  the  well  spacx^  shouM  he  about  hO 
to  50  ft  to  intercut  ysf>  of  the  seepage  passing  heasath  the  levee. 

714.  As  well  BOdel  A^-3  (Appendix  a)  was  quite  similar  to  the 
ahOTO  assuE^d  foundation  ai$  seepage  eolations,  tte  spacing  of  wells  re- 
quired to  re^ce  natural  seepa^  ty  505S  could  he  estimated  from  fig, 

A5  as  55  ft. 

715.  Ihus,  t^  spacing  ohtaited  fraa*EX>del  data  chec^  reasomhly 
we^  that  obtained  from  the  above  cGjroutation.  The  difference  in  ^teeing 
c^  he  att^huted  to  the  fact  that  tee  .graphs  in  fig.  64  in<^de  head 
loss  in  tee  well,  whereas  model  data  are  based  on  frictionless  wells 
wite  the  tOT  of  we^  at  nafcnal  grouiJd  surface. 

Tandside  Seepage  Berms 

Use,  of  berms 

716.  A landside  berm  can  be  used  to  control  seepage  by  increasing 
tee  thidkness  of  tte  top  steatum  immediately  landward  of  the  levee  so 
teat  the  weight  of  hem  plus  top  sttetum  is  sufficient  to  resist  i^lif t 
pressures  bei^te  top  stratum.  A properly  desigiKd  berm  will  be  of 
sute  width  that  tbs  excess  ^ad  bereath  the  top  stratum  at  the  toe  of 
bera  is  no  longer  <^tical,  or  the  area  of  possible  rupture  of  the  top 
stratum  as  removed  a sufficient  distance  frtmi  the  levee  as  to  no  longer 
endanger  it.  A la^side  berm  also  affords  soc^  protection  a^inst  pos- 
sible slou^ing  of  tbe  lai^gide  slr^  of  the  levee  as  a result  of  seepage, 

717.  Berms  ten  be  used  to  control  see^^  efficiently  where  the 
lai^ide  top  stratum  is  relatively  thin  and  uniform  or  ^diere  rra  lateside 
top  stratea  is  present.  However,  teey  are  not  very  feasible  where  tte 
t<®  stratum  is  relatively  thick  ate.  hi^  uplift  pressures  develop  as  tee 
thickness  width  of  bem  required  to  reduce  upward  gradients  to  those 
j^j^meteed  herein  would  be  excessive.  Where  the  lateside  top  stratem 
is  irregular,  berms  will  force  the  point  of  seepage  emergence  farther 
ft<m  tee  levee,  but  concent^tions  of  seepage  ate  sate  boils  may  still 
develop  at  thin  spots  in  the  t^  stratum  at  the  berm  toe.  Where  a levee 

is  founded  on  thin  top  atmtom  and  thick  clay  deposits  lie  a short  distance 


landvard  of  the  levee,  the  see^ge  ihena.  should  he  of  sufficient  width 
and  thickness  to  cover  the  near  edge  of  the  thick  clay  if  practicable; 
otherwise,  the  berm  will  tend  to  concentrate  the  seepage  in  the  area  be- 
tween the  berm  toe  and  the  thick  cinySf 

718.  Where  a levee  is  founded  oh  a very  thin  top  stratum  and  is 
subject  to  concentration  of  seepage  and  the  formation  of  sand  boils,  the 
safety  of  the  levee  can  be  improved  by  adding  a landside  seepage  berm 
constructed  of  material  borrowed  landward,  of  the  berm.  The  near  edge  of 
such  borrow  pits  should  be  about  50  tp  100  ft  from  the  berm  tpe  and  borrow 
operations  should  be  controlled  so  as  bo  insure  uniform  removal  of  all 

of  the  top  stratum  down  to  sand.  This  will  permit  seepage  to  emerge 
uniformly  instead  of  in  the  form  of  sand  boils.  (The  combined  base  width 
of  levee  and  seepage  berm  should  provide  an  adequate  creep  ratio. ) Al- 
though this  method  of  seepage  control  has  certain  disadvantages,  in  that 
it  may  remove  valuable  land  from  cultivation  and  create  undesirable  water- 
filled  ponds,  it  may  be  better  in  some  situations  than  removing  top  strata 
riveiward  of  a levee  for  borrow  and  thereby  creating  a source  of  seepage 
close  to  the  levee. 

719.  Seepage  berms  should  generally  have  a slope  of  1 on  50  or 
steeper  to  insure  drainage.  However,  if  the  berm  is  constructed  after 
the  levee  has  caused  the  foimdation  to  consolidate  fully,  a slope  of  1 
on  75  can  be  used. 

Design  formulas 

720.  Berms  may  vary  in  character  from  impervious  to  completely 

pervious  and  free  draining.  In  view  of  this,  design  formulas  are  pre- 
sented for  impervious,  semipervious,  and  sand  berms,  and  a completely 
pervious,  free-draining  berm.  Where  a landside  top  stratum  is  present, 
the  berm  should  have  a thickness  so  that  i^  through  the  top  stratum  and 
berm  at  the  levee  toe  SO. 5 and  width  if  practicable  so  that  the  head  be- 
neath the  top  stratum  at  the  berm  toe  is  0.75  to  0.85  . Formulas 

for  designing  landside  seepage  berms  overlying  a semipervious  top  stratum 
are  given  in  fig.  67;  items  pertinent  to  the  design  of  each  type  of  berm 
are  discussed  below. 

721.  The  formulas  shown  in  fig.  67  permit  determination  of  the 


Fig.  67.  Nomenclature  and  formulas  for  desiring  landside  seepage  "berms  on  sendpervipus  "top  strattm 


berm  width  and=  the  thickness  at  the  toe  of  the  levee;  formulas  are  not 
given  for  determi^^  the  required  thicSess  at  the  edge  of  the  crovm, 
as  a seei^ge;  bem  theoretically  tapers  to  zero  thickness  at  its  toe. 
However,  it  is  believed  that  the  thictoess.  of  a berm  at  the  crovm  should 
be  at  least  1 ft  so  as  to  define  the  liMts  of  the  berm  for  maintenance 
purposes.  Tof  semipervious  and  sand  bef^  to  function  as  intended  their 
thickness  at  the  toe  of  the  levee  should  not  greatly  exceed  the  co^uted 
thickness.  ^Ptoere  landside  berms  are  founded  directly  on  the  pervious 
substratum  they  should  be  of  such  width  that  the  combined  width  of  levee 
and  berm  satisfy  the  creep  ratio  criteria  in  table  2.  These  berms  should 
preferably  be  constructed  of  sand>  or  as  a drainage  blanket  or  free- 
draining  be^ 

722.  lipervious  berms.  The  presence  of  a landside  impervious  .bem 
restricts  the  'mtur^  relief  of  pressure  ■toat  would  result  from  natural 
seepage  thfoi^  the  top  stratum,  and  thus  increases  the  hydrostatic  head 
at  the  levee  .toe  with  respect  to  the  original  grovmd  surface.  The  effect 
of  an  in^efyipus  berm  on  substratum  pressures  is  the  same  as  increasing 
the  impervious  base  width  of  the  levee  a distance  equal  to  the  width  of 
the  berm.  An*  impervious  berm  constructed  on  top  of  relatively  pervious 
top  strata  tends  to  cause  the  development  of  relatively  large  uplift 
pressures  beneath  the  berm,  thereby  requiring  additional  berm  thickness. 
The  thickness  of  the  berm  at  the  toe  of  the  levee  should  be  determined 
from  appropriate  formula  in  fig.  67  using  a factor  of  safety  of  1.5. 

723.  Semipervious  berm.  A semipervious  berm  is  one  having  a 
vertical  peraeability  equal  to  that  of  the  top  stratiun  (see  table  38). 

In  this  type  berm,  natural  seepage  passes  through  the  berm  and  emerges 
on  its  surface.  However,  even  this  type  of  berm  will  increase  the  sub- 
stratum pressure  at  the  levee  toe  (measured  above  the  ground  surface)  as 
the  berm  creates  additional  resistance  to  seepage  flow.  The  required 
width  of  a semipervious  berm  can  be  computed  from  the  formula  in  fig. 

67.  The  correctness  of  this  formula  has  been  verified  from  results  of 
electrical  analogy  model  studies  conducted  by  the  Kansas  City  District, 
CE.  In  order  for  a semipervious  berm  to  function  as  intended,  it  must 
have  a permeability  equal  to  or  greater  than  that  of  the  underlying  top 
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stratum  and  must  not  "be  appreciably  thicker  than  .toe  computed  thickness. 

On  the  b^is  of  values  of  kj^^  obtained  at  the  piezometer  sites  (table 
30) , it  appears  that  a hem  mst  be  constructed  of  silty  sand  or  fine 
sand  to  be  classified  as  sempervious, 

724?  Sand  berm.  Sand- berms  have  a sli^t  elvantage  over  semiper- 
vious  ber^  in  that  less  berm  material  is  req,uired  for  the  same  degree 
of  seepage  protection.  A sand  berm  should  have  a vertical  permeability 

-4 

of  at  least  ICO  x 10='  cm  per  sec.  Even  with  this  permeability,  seepage 
into  the  berm  must  emerge  at  its  surface,  as  sand  berms  do  not  have  suf- 
ficient capacity  to  conduct  any  appreciable  flow  landward  without  exces- 
sive intetoal  head  -loss. 

725  f Theoretical  formulas  for  design  of  s^d  berms  were  not  de^- 
'Veloped.  Instead  it  was  assumed  that  a sand  berm  would  be  more  efficient 
than  a sempervious  berm  but  not  as  efficient  as  a pervious,  free -draining 
berm  (see  below),  and  that  the  length  of  a sand  berm  should  be  inter- 
mediate between  that  of  a semipervious  and  a pervious  free -draining  berm. 
Although  a-  sand  berm  will  be  considerably  more  pervious  than  a semiper- 
vious berm,  the  presence  of  a sand  berm  will  Increase  the  landside  sub- 
stratum pressure  over  that  which  would  exist  without  a berm,  because 
seepage  through  the  berm  must  emerge  at  the  berm  surface.  As  a result 
toe  dimensions  of  a sand  berm  are  considered  more  closely  related  to 
those  of  a semipervious  than  to  those  of  a free -draining  berm,  and  should 
have  the  dimensions  given  by  the  formulas  for  a sand  berm  in  fig.  67* 

726.  Free -draining  berm.  A free-draining  berm  is  one  where  the 
seepage  enters  the  berm,  is  collected  and  discharged  landward  with  low 
internal  head  losses  in  the  berm.  Such  a berm  will  not  affect  the  natural 
seepage  flow  pattern  or  the  distribution  of  landside  substratum  pressures 
and,  therefore,  is  toe  narrowest  and  thinnest  of  all  berms  required  for 
a given  foundation  condition.  However,  for  a berm  to  be  free -draining 
it  must  be  underlain  by  properly  designed  sand  and  gravel  filters  and  a 
collector  system  (see  Part  VIl).  The  sand  and  gravel  blankets  beneath 
the  collector  pipes  should  have  a minimum  thickness  of  6 in.  The  gravel 
iayer  should  be  covered  with  4 to  6 in.  of  toe  sand  filter  to  prevent  toe 
overlying  random  soil  from  migrating  into  the  gravel.  The  landside  edge 


of  the  herm  should  consist  of  about  3 ft  of  random  soil  to  protect  the 
gpivel  blanket  against  (backflooding  with  muddy  surface  water.  The  mate- 
rial above  the  filter  ^blankets  and  collector  system  can  be  of  r^dpm  soil. 
The  collector  system  should  be  capable  of  cp^ecting  and  discharging  the 
flow  into  the  berm  (^hich  can  be  estimated  from  fig . 67 ) with  small  head 
losses.  The  collector  ;pipes  should  be  of  extra-strength  vitrified  clay 
bile,  or  equivalent,,  perforated  with  l/h-  of  3/8-ih.  holes,  and  should 
have  a minimum  ID  of  6 in.  The  ends  of  the  outfall  pipes  from  the  col- 
lector system  should  be  of  unperforated  pips  and  should  terminate  in  a 
tee  with  a short  verjtical  sleeve,  rubber  gasket  and  flat-type  check  valve, 
and  an  outlet  guard  (similar  to  thpse  shown  in  figs . $0  and  91)  to  prevent 
;backflociding  with  muddy  surface  water  and  the  entrance  of  small  animals. 
The  discharge  of  the  outfall  pipe  should  be  set  about  h to  6 in.  above 
■the  natural  ground  sxifface.. 

k'iximum  widths  and 
examples  of  designs 

727.  Where  the  computed  width  of  a berm  required  to  reduce  the 
substeaturu  pressure  at  its  toe  to  an  allowable  amount  (“0.8  z^)  exceeds 
300  to  UCO  ft,  the  hem  would  not  be  made  wider  than  3OO  to  4C0  ft  as  it 
is  considered  that  a levee  would  probably  be  safe  against  vmderseepage 
even  with  sand  boils  within  such  distances.  Ifliere  the  selected  width  of 
berm  is  less  than  the  computed  width,  the  head  at  the  toe  of  the  levee 

or  existing  berm  h'^  would  not  be  as  great  or  t as  thick  as  indicated 
by  the  equations  in  fig.  67.  For  the  selected  berms,  h'^  would  be  re- 
computed assuming  an  i^  of  0.8  at  the  toe  of  the  new  berm  and  a linear 
piezometric  grade  line  between  the  toe  of  the  new  berm  and  the  point  of 
effective  seepage  entry.  The  recommended  thickness  of  the  berm  would  be 
based  on  values  of  h‘^  expected  to  develop  with  a berm  of  "the  selected 
width,  whereas  the  original  computed  thickness  would  be  based  on  the  h*^ 
corresponding  to  a berm  having  a width  equal  to  the  computed  X . The 

estimated  seepage  flow  Q can  be  determined  from  the  h*  correspond- 

s o 

ing  to  the  selected  berm. 

728.  The  final  selection  of  a berm  should  be  based  on  the  avail- 
ability of  borrow  materials  apd  the  relative  cost  of  each  type  berm. 
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■For  com^i^tive  .^rpases,  eSich  of  tte  above  tj^s  of  see^ge  bermi?Has 
been  designed  for  ia  typical' set  of  conditions^  ^ong  Mississippi  River 
levees;  the  resvilts  of  the 'designs  are  shown  in  table  40i  GThis  table 
illustfates  the  desirability  of  utilizing  a relatively  pervious  tyj«  of 
berm  for  efficient  seepage  control. 


>i0 

ESapleg  of  Deato  of  SecT»j«iterM 
Sesltpaibaged  on  foUovl^  conditions: 


H - 25Jft 

kj  ■ lOOOix.  10***  ca/sec 
d - 100  ft 

•U  ! 

kjjj^»'3*40  «/aec 
8“»=1000!ft 


*bL 

1_  . 


1 

1 


■ z*  ■■6:6  ft 
0.50 


o.8o 

. 52.5  Ib/cu  ft 
i»50  ft 


7'j..  “ 52.5  lb/cu;ft  for  lapervl^  and  sealpervlous  beras 

7’*.  ■ 57.5  Ib/cu  ^,for  sand  bem  or  pervious  with 
collector,  F*«  1.6 

P ■ 1.6  for  lapervious  beta 
■'« 


ReCJlred'Bern 


TW'Bera 

Width 

X 

ft 

Thickness* 
t,  -ft 

h'^** 

ft 

Impervious 

080 

i~4 

14.2 

10.6 

Sealpervlous 

200 

3.8 

8.6 

Sand 

260 

3.3 

8.3 

Fervious  with  collector 

215 

2.9 

7.7 

Suggeated;Pe8lgn  Dlaenslonn  - Approx 


Thickness 
at  Bern 
Crown 
ft 

Bern 

Width 

X 

ft. 

Beta 

Slope 

-Approx 
Thickness 
leWe  Toe 
ft 

Material 
Required 
^cu  -:^  per 
100  ft- of  levee 

0.5 

86bt 

1 on  75 

ii.2 

ia,^ 

1.0 

4m 

1 on  75 

6.3 

5,700 

1.0 

275 

1 on  75 

4.7 

3,100 

1.0 

250 

1 on  75 

4.3 

2,600 

1.0 

200 

1 on  75 

3.7 

2,000tt 

* At  toe-pf  levee. 

•*  Head  at  toe  of  levee  with  bem,  aeasured  above  surface  of  natural  ground. 

t Bern  vutb  considered  longer  tban  i^essary.  If  bolls  develop  JtOO  ft  or  farther  landward  of  the  toe  of 
the  levee,  the  levee  probably  would  hot  be  endangered.  Therefore  an  alternate  design  for  an  l^ervlous 
bera  with  a width  of  hCO  ft  is  also  given, 
tt  Sand  and  gravel  blankets  and  a collector  systea  are  also  required. 


Drainage  Blankets 


729.  Drainage  blankets  can  be  used  for  control  of  underseepage  I 

where  the  levee  is  built  on  exposed  seuids  and  gravels  of  fairly  homoge-  s 

neous  character.  However,  they  are  not  effective  for  controlling  seepage  i 

in  deep  substrata  where  impervious  strata  or  even  stratified  fine  sands  , 

would  exist  between  the  drain  and  the  deeper  more  pervious  sands.  j 

730*  Drainage  blankets  generally  are  not  considered  suitable  as  a 
means  of  controlling  underseepage  along  levees  in  the  Mississippi  River  , 

I 

i 

% 

i 

I 


yaU.ey  because  an  ujoper  top  stratm  of  clays,  silts,  or  fine  sai^  usually 
oyerUies  the  deepen  much-  more  pervious  aquifer.  However,  where  the  per- 
vi(his  substiutuiu  is  fairly  homogeneous  and  extends  to  the  sviiTace,  drain- 
age blankets  properly  designed  are  a satisfactory  control  Erasure. 

731*  A drainage  blcinket  should  consist  of  two  or  three  layers  of 
sand  and  gravel  to  provide  an  inverted  filter  as  illustrated  in  fig.  68. 

It  should  have  adequate  thickness  to  prevent  piping  or  a blow-through 
as  a result  of  local  irregularities  in  the  foundation  sands,  and  should 
be  of  such  length  that  the  concentration  of  seepage  and  exit  gradient  at 
its  toe  are  not  excessive.  The  filter  shovild  be  graded  to  comply  with 
the  following  filter  criteria  aM  each  layer  should  have  a tn-tnimiin  thick- 
ness of  6 in. 


sand  blanket 

Doe  foundation  sand 
o5 


<5  ; h< 


sand  blanket 
foundation  sand 


D,c  gravel  blanket  D,r-  gravel  blanket 

<c  . j.  J2_Z_ 

Dgj  sand  blanket  * D^^  sand  blanket 

Gradations  of  typiccil  sand  and  gravel  for  drainage  blankets  complying 

with  the  above  criteria  are  shown  in  fig.  68.  In  general,  a drainage  J 

I 

blanket  should  be  about  30  i“*  thick  at  the  levee  toe.  Where  the  levee  j 

is  founded  directly  on  the  pervious  substratum,  the  exit  gradient  at  the  ! 

toe  of  the  drainage  blanket  sho.ild  not  exceed  0.8  as  estimated  from  flow  ; 
net  analyses,  or  the  combined  base  width  of  levee  and  blanket  should  be 
in  accordance  with  table  2. 

732.  An  exai35)le  of  the  design  of  a drainage  blanket  is  as  follows 
(also  see  fig.  68) : The  length  of  blanket  was  determined  from  table  2 as 
follow:  For  the  fine  upper  foundation  sand  C = 15,  and  assuming  no  seep- 

age through  the  blanket,  the  required  base  width  of  levee  and  blanket  = CH 
= 15  X 25  ft  = 375  ft.  The  width  of  blanket  is  CH  - L_  or  375  - 2CX)  i 

b I 

= 175  ft.  However,  as  natural  seepage  emerges  through  the  dra,inage  blan-  \ 

I 

ket,  the  act\ial  width  of  blanket  can  be  less  than  CH  - and  a width  of  ! 
150  ft  was  selected.  The  thickness  of  the  blanket  shown  in  fig.  68  is  con-  J 
sidered  to  be  the  minimum  necessary  for  stability  of  the  blanket.  | 


if  de 


Draipagfe  Trenches 


733*  K-ain^e  treffches  be  used  to  control  underseepage  where 
the  top  strattjm  is  thin  and  the  pervious  foundation  is  shallow  so  that 
the  trench  can  be  built  to  substantially  penetrate  the  aquifer.  Where 
the  pervious  foiuadation  is  deep,  a drainage  trench  of  any  reasonable  depth 
■irauld  attract  only  a soall  portion  of  underseepage,  its  effect  would  be 
local,  and  detfin^ntal  underseepage  would  bypass  the  trench.  Because  of 
■&e  depth  of  the  pervious  substratum  along  Mississippi  River  levees, 
dfait^e  trenches  are  not  considered  feasible  for  these  levees.  However, 
they  my  possibly  be  applicable  to  levees  along  the  Arkansas  River. 

73*^  • As  in  the  case  of  drainage  blankets,  the  existence  of  mderately 
impervious  strata  or  even  stratified  fine  sands  between  the  bottom  of  the 
drainage  trench  and  the  underlying  min  sand  aquifer  will  render  ineffec- 
tive or  decrease  the  efficiency  of  a drainage  trench.  Seepage  into  a 
drainage  trench,  where  the  top  stratum  landward  of  the  levee  consists  of 
an  inperviouB  or  relatively  iBpervious  blanket,  may  be  computed  from  the 
graphs  and  formulas  given  in  fig.  69.  The  maximum  head  landward  of  the 
drainage  trench  may  also  be  confuted  from  these  graphs.  It  is  pointed 
out  that  the  formulas  and  graphs  shown  in  this  figure  are  applicable  only 
for  homgeneous,  isotropic,  pervious  foundations,  and  for  an  impervious 
top  stratum  landward  of  the  drain.  The  distance  to  the  source  of  seepage 
for  these  formulas  and  graphs  nsay  be  estimated  by  methods  outlined  in 
Part  III. 

735.  If  kg  > ky  , as  is  usually  the  case  for  alluvial  sands,  flow 
to  and  head  landward  of  a drainage  trench  can  be  estimated  from  fig.  69 
after  the  pervious  substratum  is  transferred  to  a hoirogeneous,  isotropic 
formation  using  k^  and  d for  k^  and  d , respectively,  where 

k^  = ^ “ d "v/  kg/k^  . A ratio  of  ^ is  suggested 

for  the  Middle  and  Lower  Mississippi  River  Valley. 

736.  If  the  top  stratum  landward  of  the  drainage  trench  has  a 
certain  degree  of  perviousness,  seepage  into  the  trench,  and  the  maximum 
head  landward  of  the  trench,  will  be  somewhat  less  than  that  computed 
from  fig.  69.  therefore,  designs  based  on  fig.  69  will  be  slightly  on 
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Fig.  69*  Fomulas  and  design  curves  for  drainage  trenches 

the  conservative  side  if  the  top  stratum  landward  of  the  trench  is  serai- 
pervious. 

737.  Where  there  is  no  top  stratum  landward  of  the  levee^  seepage 
flow  into  the  drainage  trench  and  he^nd  can  he  estimated  from  flx)W  net 
analyses. 

738.  If  the  pervious  aquifCT  is  highly  stratif  ied,  or  if  strata  of 
either  clay,  silt,  or  fine  sand  exist  helnw  the  bottom  of  the  trench, 
seepage  may  bypass  the  drain  and  emerge  landward  of  the  drain,  thereby 
defeating  ^ts  purpose.  For  such  cases,  other  methods  of  seeimge  inter- 
ception are  ia,re  reliable  and  efficient.  If  the  trench  is  underlain  by 
either  ii^ervious  or  semipervious  strata,  the  formulas  and  graphs  shown 
in  fig.  69  are  no  longer  applicable. 

739*  An  example  of  seepage  con^nitations  and  design  of  a drainage 
trench  are  slwwa  in  fig.  70. 

740.  The  filters  con^prising  the  drainage  layers  should  be  designed 
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in  accordance  with  the  filter  criteria  for  drainage  blankets.  In  addition 
the  filter  gravel  aroiind  the  perforated  collector  pipe  should  cou5)ly  with 
the  following  criteria; 

^5imin)_^^>  l.O(holes) 

Perforation  1. 2 ( slots ) 

741.  The  collector  pipe  for  a drainage  trench  should  be  made  of 
corrosion-resistant  material  and  should  be  perforated  with  l/4-ln.  holes. 

^e  collector  and  riser  pipes  should  have  adequate  cajacity  to  carry  the 
flow  to  the  surface  with  less  than  0.5-ft  hydraulic  head  loss.  The  head 
loss  should  be  computed  on  the  basis  of  maximum  full  flow  through  l/6  the 
length  of  collector  pipe  between  risers,  the  tee  connection,  and  the  riser 
pipe.  The  riser  should  be  of  solid  pipe,  and  should  be  set  about  4 in. 
above  the  finished  ground  surface,  as  shown  in  fig.  89  for  relief  wells. 

The  top  of  the  riser  should  be  provided  with  a rubber  gasket  and  check 
valve  of  the  type  shown  in  fig.  9I  to  prevent  flooding  of  the  collector 
pipe  and  filters  with  muddy  surface  water.  The  top  of  the  riser  pipe  may 
be  provided  with  a low  standpipe  to  prevent  flow  from  the  drainage  trench 
at  relatively  low  river  stages  on  the  levee.  Maximum  height  of  these  stand- 
pipes should  not  exceed  l/4  h^  . Of  coiu:se  such  standpipes  should  be  re- 
moved when  they  begin  to  overflow.  The  top  of  the  riser  or  outlet  should 
eilso  be  protected  with  a metal  guard  of  the  type  shown  in  figs.  89  and  90. 

Cutoffs 


742.  \lhere  practicable,  the  n»st  positive  method  of  underseepage 
control  is  to  cut  off  all  seepage  beneath  a levee  by  means  of  an  iuqjervious 
bairrier  wnich  will  eliminate  both  excess  substratum  pressures  and  the  prob- 
lem of  seepage  water  landward  of  the  levee.  However,  completely  cutting 
off  pervious  strata  80  to  200  ft  deep  along  extensive  reaches  of  levees 
is  not  economically  feasible.  The  installation  of  partially  penetrating 
cutoffs  will  not  reduce  seepage  and  excess  pressures  significantly  unless 
the  cutoff  penetrates  95^^  or  more  of  the  pervious  aquifer.  However, 
shallow  cutoffs  along  the  riverside  toe  of  levees  are  feasible  where 
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Fig.  71*  Fornwls,s  for  detenainatlon  of  seepage  flow  and  heads 

for  mrtlal  cutoffs 


necessary  to  cwfe  off  relafelvely  13iin  layers  of  either  natural  levee  or 
cxei^se  ssaifls  iMch  lie  iisrsdiately  beneath  the  base  of  the  levee  and 
3X&  ir  turn  isiderlain  core  iispeanrious  strata. 

743.  Mathesatical  formulas  for  determining  seepage  flow  and  heads 
for  iparttal  cutoffs  la  a homogeneous  foundation  are  given  in  fig.  ^l* 

^Ehe  hydravOic  grade  line  beneath  and  landw^:^  of  a levee  underlain  a 
hraSgeneous  foundation  with  and  without  partial  cutoffs  is  illust^a^sd 
in  fig.  72.  Elis  top  stratina  had  such  characteristics  that  without  any 
cutoff  the  excess  head  at  the  toe  of  tdie  levee  was  3^  of  the  total  head. 

A cutoff  redtured  the  seepage  flow  approxirately  5^  snd  the  excess  head 
fix®  38^  to  37$>‘  Ihus  it  nay  be  seen  Idiat  partial  cutoffs  of  any  prac- 
ticable depth  into  a hcm»geneous  aquifer  have  little  effect  in  reducing 
seepage  flow  or  substratum  pressures  landward  of  a levee. 

7y^.  Hlustrati£^  of  l^idrostatic  pressure  beneain  the  tcm  stratus 
wiHi  and  "sd-liiout  cutoffs  for  a twj-layer  t^rvious  foundation,  a leaking 
landside  top  stratus>  ani  two  different  seepage  entrances  are  shown  in 
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Pig.  72.  Hydrostatic  head  beneath  top  stratwa  wiUi  various 
partial  cutoffs  — h^o^neous  foundation 
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fig.  73.  A 50-ft  cutoff  in  this  model  study  reduced  the  seepage  for  the 
first  case  by  ki>  and  head  at  the  landside  toe  of  the  levee  from  50  to 
of  that  on  the  levee.  In  the  second  illustration  in  fig.  73  vhere  the 
seepage  riverward  of  the  levee  was  forced  to  flow  do\raward  through  an 
upper  fine  stratum,  a 50-ft  cutoff  reduced  the  seepage  flow  by  only 
and  the  head  at  the  landside  toe  from  50  to  of  the  head  on  the  levee. 

7^5*  Thus,  partial  cutoffs  for  controlling  seepage  beneath  levees 
in  the  Lower  Mississippi  River  Valley  will  not  si^ificantly  reduce  the 
amount  of  seepage  passing  beneath  the  levee  or  the  excess  head  landward 
of  a levee  during  hi^  water.  Vfheiher  or  not  partial  cutoffs  woulf"  pre- 
vent undermining  of  a levee  as  a result  of  piping  is  not  Imown.  If  such 
a pipe  developed  to  within  a short  distance  of  a partial  riverside  cutoff 
there  would  be  a good  possibility  that  the  levee  might  collapse  into  the 
undergro\md  cavern  and  cause  a crevasse  in  spite  of  the  partial  cutoff. 
Fully  penetrating  cutoffs  are  not  possible  along  levees  in  the  Middle  and 
Lower  Mississippi  River  Valley  because  of  difficulty  of  construction  and 
very  high  cost. 

Sublevees 

Jk6,  A landside  sublevee  can  be  used  to  control  seepage  by  storing 
water  over  an  area  to  provide  a counterweight  against  excess  head  beneath 
the  tc^  stratum  in  the  subleveed  area.  Sublevees  can  be  vised  to  control 
seepage  where  the  landside  top  stratum  is  relatively  thin,  and  in  low 
areas  where  seepage  normally  ponds.  A disadvantage  of  sublevees  is  that 
if  sand  boils  occur  within  the  subleveed  area,  they  may  be  difficvilt  to 
detect  or  observe,  and  may  net  readily  be  given  emergency  treatment,  if 
needed.  Control  of  seepage  by  svblevees  requires  proper  manipulation  of 
water  levels  in  the  sublevce  basins  during  a hi^  water.  Controlling 
undersc-epage  by  mean-  of  substandard  sublevees  is  potentially  hazardous 
as  failure  of  a sublevee  when  full  of  water  would  result  in  losing  the 
covanterhead  at  a critical  time. 

jhj,  A sublevee  basin  should  be  of  sufficient  width  to  insure  that 
the  head  at  the  landside  edge  of  the  sublevee  is  not  excessive  and  the 


set  at  such  a height  that  the  net  excess  head 
iftt  the  tpe:  of  the  levee  IS;  not  s^ve  than  the  aHovsble  head. 


7;hpi  Tte  required  width  X of  the  suhlevee  hasin  can  he  ajprox- 
i^tfd  fr<^  the  eqimtion  for  the  width  of  a sand  herm  in  fig.  6j.  Sim- 
ilarly, the  head  h*  at  the  toe  of  the  levee  measured  shove  the  ground 

O ' 

surface  with  a siihlevee  hasin  can  he  estimted  from  the  corresponding 
eqmtion  for  h*^  with  a sand  herm  of  width  X . The  height  of  water 
t in  the  suhlevee  hasin  should  he  such  that 


h*  - i 
o o t 


where  i z.  is  the  allowahle  head  at  the  toe  of  the  levee.  The  crest 

O V 

of  the  oArerflow  weir  should  "be  at  the  elevation  of  the  required  water 
surface  in  the  suhlevee  hasin,  end  should  have  sufficient  length  to  jsss 
both  the  design  see^ge  flow  Q'  in  cfs  into  the  hasin  plus  runoff  from 

o 

rainfall  . The  total  discharge  over  the  weir  can  he  expressed 


* Sr 


wherein: 


d Lg  (H  - t/2) 
s -f  X, 


1 - e 


B I X- 


in  cfs 


The  suhlevee  should  have  a height  such  that  a freeboard  of  1 ft  will  exist 
above  the  water  siirface  in  the  suhlevee  hasin  with  the  overflow  weir  dis- 
charging at  a i^te  of  . Tte  following  numerical  example  illustrates 
the  design  of  a suh3avee  hasin. 

749.  Assues  the  senfe  conditions  as  those  given  in  table  40  for  de- 
si^  of  see^^  berms.  The  required  width  of  suhlevee  basin  X will  he 
tte  SBM  as  the  required  width  of  the  sand  herm,  or  X = ^0  ft,  and  the 
Iwad  at  the  of  the  levee  with  the  suh3nvee  would  he  (from  table  4o) 

h*  = 8.3  ft 

o 


or 


1 z.  = 0.^  X 6 ft  = 3.0  ft 
o ^ 


t e = 8.3  - 3.0  = 5.3  ft  . 

ffliuB  tlie  crest  of  the  veir  vould.  be  set  about  5.5  ft  above  the  avei^e 
ground  surface.  If  tte  sublevee  basin  has  a length  of  500  ft  and  X’  = 
UOO  ft,  the  estimated  natural  seejage  into  the  basin  is 

( 260  N 

Qi  0.2-ft/min  x„100  ft  X 500  ft  (25  - 2.8)  ft  K 450  j 

^ s " 1000  ft  + 450  ft  - e j 

= 67  cfm/500  ft  of  levee 


or  Q*  ss  500  gpn/500  ft  of  levee  . 

s 

Assuming  I = 0.8  and  R = 3 in*  per  hour,  the  runoff  into  the  sublevee 
basin  vill  be 

3 in./hr  x 0.8  x 500  ft  x 400  ft  , 

^ ^ 1-10  cfs 

or  0^  = 495  gpa  . 

Thus  the  overflow  veir  should  be  designed  for  a discharge  of  ^ = 500  + 
495  = ^5  gpa  or  2.2  cfs.  The  i^t  grade  of  the  sublevee  sho^l3d  be  set 
1 ft  above  the  estimated  water  surface  in  the  basin  with  the  weir  dis- 
charging at  the  above  rate. 


PART  VII;  IHSTAUATION  AND  CONSTRUCTION  OF 
UOTERSEEPAGE  CONTROL  MEASURiS 

Relief  Wells 

Drilling 

750*  Relief  wells  can  be  installed  in  a hole  made  by  either  the 
reverse  rotary  method,  the  casing  method,  or  other  methods  that  will  not 
renKJve  excess  material  from  the  foundation.  Methods  that  involve  radical 
displacement  of  the  formation  or  may  reduce  the  yield  of  the  well  are  not 
permissible.  If  large  cobbles  or  other  obstructions  are  encountered  in 
the  hole  for  the  well  and  prevent  extension  of  the  hole  to  design  depth, 
the  depth  of  the  well  may  be  adjusted  or  the  hole  abandoned  and  another 
well  installed  nearby.  The  holes  for  all  relief  wells  should  be  drilled 
to  a depth  of  U ft  below  that  prescribed  for  the  bottom  of  the  well  screen. 

751*  Reverse  rotary  method.  Reverse  rotary  drilling  of  holes  for 
wells  in  sand  is  basically  a suction  method  in  which  the  material  is  re- 
moved from  the  hole  by  a suction  pipe.  The  walls  of  the  hole  are  supported 
by  seepage  forces  acting  against  a thin  film  of  fine-grained  soil  on  the 
walls,  created  by  maintaining  a head  of  water  in  the  hole  several  feet 
above  the  ground-water  table.  The  film  of  fine-grained  soil  is  deposited 
on  the  walls  of  the  hole  by  drilling  water  as  the  water  and  soil  from  the 
suction  pipe  are  circulated  through  a sump  pit  or  box  in  which  the  sand 
settles  out  and  from  which  the  water  containing  the  fine-grained  particles 
flows  back  into  the  hole. 

752,  For  successful  drilling  by  this  method  the  ground-water  table 
must  be  about  7 ft  or  najre  below  the  grovind  surface  and  there  must  be  an 
adequate  supply  of  drilling  water.  This  method  is  excellent  for  drilling 
in  sand  but  some  trouble  may  be  experienced  where  silts,  sandy  silts,  and 
silty  sands  are  encountered. 

753*  A typical  reverse  rotary  drill  unit  (fig.  74)  normally  is 
equi^ied  with  a large-capacity  centrifugal  pump,  6-in,  -diameter  drill 
pipe,  and  a bit  similar  in  appearance  to  the  cutter  head  of  a dredge  (fig. 
75).  Where  cobbles  larger  than  about  3-3/4  in.  are  encountered,  it  is 
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necess^y  to  ^ovide  this  equip- 
®St  .^th  a rock  trap.  However^ 
boles  for  relief  wells  also  may  be 
advanced  by  the  reverse  rotary 
method  using  compressed  air  of  a 
jet  eductor  system,  neither  of 
which  requires  Use  of  rock  traps. 

A large  sump  is  re- 
quired for  storing  drilling  water 
in  the  vicinity  of  each  hole. 

This  simp  is  connected  to  the  hole 
by  means  of  a ditch  of  suitable 
size.  At  the  start  of  drilling 
operations,  the  drill  bit  is 
lowered  to  the  ground  surface  at 
the  well  location  and  the  pump  is 
started.  Water  from  the  return 
ditch  at  the  well  location  is 
drawn  up  through  the  drill  pipe, 

punped  into  the  sump  through  a discharge  line,  and  then  flows  back  to  the 
hole  throu^  the  connecting  ditch.  After  circulation  of  the  drilling 
water  has  been  started,  the  drill  bit  is  rotated  and  lowered  as  pumping 
continues.  The  soil  cut  loose  by  the  bit  is  carried  up  through  the  drill 
pipe  and  punp  and  is  discharged  into  the  sump  where  the  coarse  soil 
particles  settle  out.  The  drilling  water  and  finer  soil  particles  con- 
tinue to  be  circulated  as  the  boring  is  advanced.  Since  the  walls  of  the 
hole  are  stabilized  by  seepage  forces  resulting  from  excess  hydr’ostatic 
pressure,  such  pressure  must  be  maintained  from  the  time  drilling  starts 
until  the  last  of  the  filter  gravel  and  sand  backfill  is  placed.  Should 
the  water  suiply  fail,  the  well  bole  will  probably  cave  in  and  disturb  a 
large  volume  of  foundation  soil,  and  the  well  will  have  to  be  abandoned. 

It  frequently  is  necessary  to  use  casing  through  silty  or  sandy  soils 
encountered  near  the  surface  to  prevent  enlargement  of  the  hole  by  caving. 
Caving  may  also  occur  when  very  fine  sand  or  silt  is  encountered  at  greater 


a.  General  purpose  drill  bit 
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depths.  Such  caving  can  be  prevented  only  by  casing  the  hole  or  by  adding 
E»re  fines  to  the  drilling  vater.  Canmercial  drilling  muds  are  available 
that  will  stop  caving  under  practically  all  conditions,  but  most  of  them 
contain  bentonite  which  cannot  be  successfully  removed  from  the  filter; 
therefore,  use  of  drilling  mud  containing  bentonite  is  not  permissible. 

755*  Casing  method.  A temporary  well  casing  may  be  used  to  support 
the  sides  of  the  hole  during  drilling  and  placement  of  well  screen,  riser 
pipe,  and  gravel  filter.  Any  casing  used  should  have  an  ID  at  least  12 
in.  greater  than  the  OD  of  the  well  screen  and  shoxild  be  of  a type  that 
can  be  removed  without  interfering  with  the  filter  or  riser  pipe.  Tem- 
porary casing  may  be  set  by  any  approved  method  that  will  not  create  a 
cavlly  around  the  outside  of  the  casing.  If  the  temporary  casing  becomes 
unduly  distorted,  it  should  be  removed  and  a new  casing  installed. 

Soil  sampling  during  drilling 

756.  Samples  of  the  foundation  soil  should  be  obtained  at  2-ft 
inteia'als  during  the  drilling  of  each  well.  VJhen  the  reverse  rotary 
method  of  drilling  is  used,  the  samples  can  be  obtained  by  catching  and 
decanting  samples  of  the  effluent  from  the  drill  rig  in  a large  bucket  or 
other  suitable  container.  V/hen  the  wells  are  drilled  by  the  casing  method 
the  samples  can  be  obtained  from  the  bailer  or  hoisting  bucket  being  vised. 
The  purpose  of  this  sampling  is  to  determine  the  depth  at  which  the  screen 
section  of  the  well  can  be  started  and  also  to  determine  the  existence  of 
strata  of  silt,  silty  sands,  or  very  fine  sands  throu^  which  unslotted 
(blank)  sections  of  pipe  should  be  used  rather  than  slotted  screen. 
Installation 

757.  A typical  relief  well  consists  CJf  a wood  screen  section,  riser 
pipe,  gravel  filter,  sand  backfill  from  the  top  of  a gravel  filter  to  an 
elevation  10  ft  below  the  well  outlet,  and  concrete  backfill  from  the  top 
of  the  sand  backfilj  to  the  finished  ground  surface  (fig.  76).  (If  plastic 
riser  pipe  5^  is  used,  the  backfill  may  consist  cf  con^cted  in^iervious 
soil.)  Slotted  wooden  well  screen  and  riser  pipe  usually  come  in  lengths 
of  4,  8,  and  16  ft.  The  screen  usually  is  perforated  v-dth  slots  3/16  in. 
(+1/32  In.)  wide  (fig.  77)-  The  total  slot  area  of  8-in.  screen  should 
not  be  less  than  30  sg  in.  per  linear  foot  of  screen.  The  riser  pipe  and 
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(D^q  > Kb.  50  sieve).  Screen  should  not  be  placed  in  silty  or  very  fine 
sand  < No.  JO  sieve). 

759*  Kie  design  elevation  of  the  top  and  the  length  of  well  screen 
are  usually  estimated  from  boring  data.  However,  the  top  of  well  screen 
and  its  length  shouM  be  checked  in  the  field  using  data  on  the  soils 
penetrated  as  the  hole  for  the  well  is  drilled.  The  following  criteria 
are  su^ested  where  it  becomes  necessary  to  modify  in  the  field  the  lengths 
of  riser  pipe,  blank  pipe,  and  screen  sections  in  order  not  to  set  well 
screen  in  strata  of  very  fine  sand  or  finer  soil. 

a.  Minimum  length  of  riser  pipe,  I6  ft. 

b.  Maximum  depth  of  well,  125  ft. 

c.  Screen  should  not  be  set  in  strata  of  clay,  silt,  silty 
sand,  or  very  fine  sand.  (In  setting  blank  sections  of 
pipe  to  blank  out  such  strata,  an  attei^pt  should  be  made 
to  overlap  fine-grained  strata  with  the  blank  section  by 
1 or  2 ft. ) 

d.  Riser  pipe  should  extend  2 to  6 ft  below  soil  finer  than 
fine  sand. 

e.  Where  lesser  footage  of  blanks  is  installed  than  given 
in  the  design,  the  well  should  still  be  set  to  the  design 
depth. 

f . Where  greater  footage  of  blanks  is  required  than  given  in 
design,  the  well  should  be  deepened  in  accordance  with 
the  following  table. 


Anaunt  of  Blank  Additional  to 
That  Shown  in  Design,  ft 


Airount  Well 
Should  Be  Deepened 
ft 


h 4 

8 8 


12 

8 

16 

12 

20 

12 

24 

16 

28 

16 

780.  Assembly  and  installation.  The  well  screen  and  riser  pipe 
slxjuld  be  assembled,  or  partly  assembled,  and  the  bottom  of  the  well 
screen  plumed  before  the  hole  for  the  well  is  completed.  Each  joint 
of  pipe  and  the  plug  in  the  bottom  of  the  screen  should  be  fastened  se- 
curely. Guides  should  be  attached  to  the  assembled  riser  pipe  and  screen 
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in  such  nuoitber  and  of  a type  vMch  will  center  the  assembly  in  the  well 
and  hold  It  securely  in  position  while  the  filter  gravel  is  placed  (fig. 
78a),  She  guides  must  he  of  a design  that  will  permit  extension  of  the 
tri^e  to  the  bottom  of  the  hole  for  the  well.  (A  well  can  also  be 
centered  by  using  a centering  device  lODunted  near  the  end  of  a tremie 
pi^j  fig.  78b. ) ihe  assembled  pipe  and  screen  should  be  so  placed  in 
the  hole  as  to  avoid  jarring  ingiacts  and  to  insture  that  tiie  ass^bly  is 
not  damaged  nor  displaced  (fig.  79).  Eie  veil  should  be  reasonably 
strai^t  and  pltmib;  a variation  of  8 in.  in  total  depth  of  well  from  a 
plianb  line  at  the  top  of  the  well  is  permissible  in  the  alignment  of  riser 
and  screen.  However,  adequate  clearance  for  installation  of  the  punq>ing 
equipment  is  required  for  testing  the  wells.  If  any  well  hole  appears 
to  be  significantly  out  of  plumb,  it  should  be  checked  before  installing 
the  riser  and  screen  by  lowering  a 2U-in. -diameter,  36-in. -long  pipe 
cylinder  to  the  bottom  of  the  well  on  a idlre  rope,  checking  the  inclina- 
tion of  the  roi«  when  it  is  taut  and  held  in  the  center  of  the  hole  at 
ground  stirface.  A small  allowance  should  be  made  in  setting  the  top  of 
the  well  pii>e  to  take  care  of  settlement  that  may  occur  during  surging 
and  pumping,  in  order  that  the  top  of  the  well  pii^  will  be  at  the  design 
elevation. 

761.  No  filter  gravel  should  be  placed  before  the  well  screen  and 
riser  are  installed,  as  the  amount  required  below  the  screen  cannot  be 
laredeterained  nor  placed  accurately  enough  to  insiure  that  the  top  of  the 
riser  pipe  will  be  at  the  correct  elevation.  Filter  gravel  should  be 
placed  only  after  the  screen  and  riser  pipe  have  been  lowered  to  the  cor- 
rect depth  and  the  top  of  the  riser  pipe  has  been  set  slightly  above  the 
desi^  elevation.  The  filter  gravel  sho\i3d  be  placed  by  lowering  the 
tremie  (wiiii  narrow  slots  or  small  perforations)  to  the  bottom  of  the 
hole  and  ttien  filling  it  with  filter  gravel  (fig.  80).  (®je  hole  for 
each  w^U  should  be  overdrilled  by  at  least  4 ft  to  provide  space  at  the 
bottcan  for  filter  gravel  which  may  becctme  segre^ted  when  the  tremie  pipe 
is  first  filled.)  The  tremie  should  be  raised  slowly  to  allow  the  gravel 
to  rm  out  of  the  bottom  as  additional  filter  material  is  fed  in  at  the 
top.  nw  tremie  pipe  must  be  Jiept  filled  with  filter  fftavel  above  the 
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Fig.  79*  Installation  of 
veil  screen 


Fig.  80.  Placing  filter  gravel  by  tremie 
nethod 


water  surface  and  must  be  handled  at  all  tin^s  in  a manner  that  will 
prevent  segregation  of  the  filter  as  it  is  placed.  Filter  gravel  should 
be  placed  to  an  elevation  at  least  5 ft  above  the  tap  of  well  screen  to 
allow  for  settles^nt  dining  development  of  1iie  irall. 


762.  If  a temporary  casing  is  used,  the  filter  gravel  shouW.  he 
placed  in  ihcrements  not  to  exceed  2 ft.  Eie  tremie  and  casing  should  he 
raised  in  increments  approximately  eqjial  to  increments  of  filter  gravel 
placed,  except  that  at  no  time  before  con^letion  of  the  operation  should 
the  bottom  of  the  casing  he  less  than  1 ft  below  the  top  of  the  filter. 
Alternate  placing  of  filter  and  withdrawing  of  casing  should  he  continued 
until  the  filter  has  been  placed  to  the  desired  elevation. 

763.  Material  for  the  filter  ^o\md  the  riser  aid.  screen  should  he 
a washed  sand  gravel  free  from  any  adherent  coating,  any  vegetable  matter, 
or  elon^ted  particles  in  quantities  considered  detrimental.  In  genered, 
the  filter  should  meet  the  gradation  requirements  shown  in  fig.  8I,  aasd 
it  should  not  he  skip-graded. 

764.  Surging  and  pumping.  Materials  which  may  have  entered  the 
well  during  placing  of  the  gravel  filter  must  he  carefully  removed  by 
pumping  or  hailing  with  a piston -type  bailer.  In  some  instances,  it  may 
be  desirable  to  surge  the  well  sli^tly  before  attempting  to  reoxjve  the 
filter  gravel  from  the  well  in  order  to  minimize  the  possibility  of 
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Fig.  81.  Gra^tion  of  filter  gravel  for  well  screen  with  3/lS-in.  slots 
and  alluvial  sands  in  the  Mississippi  River  Valley 
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trapping  the  clean-out  bailer  as  a result  of  filter  gravel  entering  the 
well  above  the  bailer  as  it  is  lowered.  After  this,  tile  well  should  be 
surged  and  puisped  to  remove  drilling  rat^  or  other  fines  from  the  filter 
gravel.  Surging  and  punning  shoxild  be  started  within  two  tours  after  the 
filter  is  placed  atoL  should  be  continued  \mtil  the  aicount  of  naterial 
pulled  through  the  screen  between  surging  operations  is  less  than  C.2  ft 
in  the  well,  and  in  any  event  for  not  less  than  1-1/2  hours.  Surging  and 
punping  may  be  j«rformed  alternately  or  simultaneously. 

To3.  One  mettod  for  surging  is  to  raise  ato  lower  a block  nsde  of 
a heavy  rubber  disk  between  two  steel  disks  mounted  on  a steel  rod.  Eie 
rubber  disk  should  have  a diameter  approximately  1 in.  lass  than  the  in- 
side dianster  of  the  veil  and  the  steel  disks  should  be  1 in.  in  diameter 
smaller  than  the  rubber  disk.  In  some  cases  it  may  he  desirable  to  moimt 
two  disks  approximately  5 ft  apart  on  the  steel  rod.  The  surge  block 
should  be  raised  and  lowered  »t  a rate  of  approxinately  5 ft  per  sec.  A 
cycle  of  surging  tisually  consists  of  about  20  rovind  trips  of  the  surge 
block  for  the  full  length  of  the  well  screen. 

766.  Another  mettod  of  surging  is  to  surge  and  puisp  the  well  with 
air  at  the  same  time.  This  can  be  accosg>lished  with  a device  consisting 
of  two  disks  attached  to,  and  s^oed  about  U ft  apart  on  a 3-in.  pipe, 
with  perforations  in  the  pipe  between  the  disks  and  provision  made  for 
pumping  water  out  of  the  pipe  by  means  of  air  as  the  siarging  is  done. 

Eie  lower  disk  should  have  a bole  in  it  to  permit  some  flow  of  water  in 
and  out  of  the  space  between  the  disks  as  the  device  is  moved  up  and  down 
in  the  well.  The  hole  will  also  allow  the  sand  pulled  in  by  the  surging 
operation  ato  not  carried  out  by  the  rising  stream  of  air  and  water  to 
fall  to  '.lie  bottom  of  the  well.  The  pus5>ing  can  be  accomplished  by  ex- 
tending a small  air  pipe  down  inside  the  surge  pipe  to  a point  between  the 
two  disks.  Hxe  perforations  or  slots  in  the  surge  pipe  between  the  disks 
will  allow  water  and  accumulated  foreign  material  to  enter  the  surge  pipe. 
A small  volume  of  air  forced  through  the  small  pipe  will  carry  the  water 
and  foreign  material  up  to  the  surface  througji  the  surge  pipe.  In  using 
this  procedure  for  surging  ato.  pumping,  5-  or  6-ft  sections  of  screen  are 
^mshed  successively  lantil  clear  water  flows  and  the  entire  length  of 
screen  has  been  washed. 
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^6^.  Surging  or  pumping  of  such  violenca  as  to  endanger  or  damage 
the  well  should  not  be  permitted;  only  sufficient  force  should  be  used 
to  remove  or  loosen  all  drilling  mud  and/or  fines  in  the  filter  gravel 
and  well  so  that  they  may  be  removed  by  pumping.  Some  sand  may  have  to 
be  removed  by  pumping  or  by  a piston-type  bailer  upon  completion  of  this 
operation. 

768.  Within  three  hours  after  completion  of  surging,  the  well 
should  be  pumped  to  achieve  a drawdown  of  5 ft  in  the  well  or  a flow  of 

200  gpm.  If  the  well  produces  sand  in  excess  of  ajproximately  2 pt  per  . 
hour  (as  determined  from  sounding  and  from  collection  of  well  flow  in  a 
10-gal  container)  the  well  should  be  resurged  and  repumped.  Wells  con-  I 
tinuing  . produce  excessive  amounts  of  silt  or  sand  after  U to  8 hours  ; 

of  surging  or  punping  should  be  abandoned  and  properly  plugged.  After  a , 

well  is  surged  and  cleaned,  it  should  be  kept  sealed  until  provided  with  , 
a permanent  well  guard  and  check  valve,  tc  prevc.  . . of  surface  water.  ! 

769.  Backfilling.  The  annular  space  above  the  gravel  filter  should 
be  backfilled  after  the  well  has  been  developed  by  surging  and  pumping. 

Fine  or  medim  sand  should  be  placed  to  an  elevation  10  ft  below  the  well  j 
outlet,  and  concrete  should  be  used  as  fill  to  the  finished  ground  sur-  j 

face.  When  placed  in  water,  the  sand  backfill  should  be  rodued  to  insvure  , 

I 

proper  compaction;  when  placed  above  water,  it  should  be  conpacted  by  ap-  , 

proved  methods  as  placement  proceeds.  Concrete  placed  in  water  should  be  j 

{ 

placed  by  tremie  and  ’■odded  to  insure  compaction  and  absence  of  voids.  , 

1 

If  temp^jrary  cacing  is  used,  it  should  be  withdrawn  as  backfill  is  placed 
so  that  its  bottom  is  at  all  times  slightly  below  the  top  of  the  placed 
fill.  Sand  backfill  may  be  placed  prior  to  surging  provided  the  gravel 
filter  is  placed  to  an  elevation  5 ft  higher  than  the  top  of  the  well 
screen.  When  concrete  is  placed  or  cured  at  tenperatures  beluw  freezing, 
the  materials  should  be  heated  and  the  finished  concrete  prjtectcd  in  such 
manner  as  will  prevent  damage  because  of  freezing. 

77G,  If  plastic  riser  pipe  is  used,  it  should  extend  to  a depth  of 
about  15  ft  below  groxird  surface.  Concrete  or  thorou^ly  conpacted  im- 
pel Tious  soil  may  be  used  as  backfill  around  the  pipe. 

771.  Excess  excavated  or  waste  materials  ehould  be  disposed  of  so 
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as  to  leave  the  site  in  an  orderly 
and  neat  condition.  All  pits, 
holes,  ditches,  and  ruts  should  he 
fi3Lled  to  original  grade  with 
topsoil. 

772.  Top  of  well.  The  con- 
crete around  the  well  is  usually 
finished  flush  with  the  normal  ele- 
vation of  the  ground.  At  local 
high  areas  in  topography,  the  top 
of  the  concrete  is  sometimes  set 
0.2  to  1.0  ft  helow  natural  ground 
elevation  so  that  the  well  outlet 


• v‘ 
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Fig.  82.  Tenon  end  of  wood- stave 
riser  pipe 


can  he  lowered,  thereby  improving 

the  efficiency  of  the  well.  The  top  of  the  riser  pipe  is  usually  set 
about  4 in.  above  the  top  of  the  concrete  around  the  well.  The  ground 
immediately  around  the  well  should  be  left  flush  with  the  top  of  the  con- 
crete and  should  be  graded  to  drain  to  any  adjacent  lower  ground.  Al- 
though many  relief  wells  have  been  installed  with  only  the  tenon  end  of 
the  wood  riser  projecting  above  the  concrete  backfill  (fig.  82),  a more 
permanent  top  for  a well  is  a cast  iron  fitting  (fig.  83). 
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Pumping  tests 

773*  All  wells  should  he  subjected  to  a pumiping  test  upon  con5>le- 
tion  of  installation.  If  practicable,  the  pumping  test  should  be  made 
when  the  water  table  is  at  or  above  the  top  of  the  well  screen  to  insure 
flushing  and  to  check  on  the  stability  of  the  entire  length  of  screen 
and  filter.  Equipment  for  making  the  punping  tests  should  include;  a 
punp  with  a manually  operated  speed  control  of  adequate  capacity;  a 
suction  hose  or  pipe  of  sufficient  length  to  extend  from  the  punp  to  a 
point  in  the  well  at  least  5 ft  below  the  maximum  drawdown  required  for 
the  test;  a dischaige  hose  or  pipe  of  sufficient  length  to  remove  the 
discharge  water  a satisfactory  distance  from  the  well;  a suitable 
sounding  device  for  measuring  the  depth  to  water  in  the  well;  and  a 
flow  of  standard  design  for  measxxring  the  discharge  from  the  well. 

774.  The  equipment  should  be  set  up  and  the  punping  test  per- 
formed in  accordance  with  the  following  procedure.  The  pump  should  be 
ret  near  the  well  and  the  discharge  hose  or  pipe,  with  flow  meter  at- 
tached, extended  out  from 
the  well  a sufficient  dis- 
teince  to  prevent  flow  back 
into  the  well  (fig.  84). 

If  an  orifice  type  of  meter 
is  used,  the  section  of  pipe 
from  the  manometer  to  the 
orifice  should  be  horizontal 
and  supported  rigidly,  other- 
wise the  manometer  tube  on 
the  meter  will  not  remain  in 
a vertical  position  after 
the  punp  is  steurted.  The 
flow  meter  should  be  cali- 
brated before  using.  How- 
ever, the  flow  may  be  esti- 
mated for  commercial  meters  from  the  manufacturer's  rating  curves.  In 
lieu  of  an  actual  calibration  or  rating  curves,  the  flow  from  or  through 


Fig.  84.  Punp  assembly  for  te&c- 
punping  relief  wells 


} 


orifices  can  be  estimated  from 

fig.  85. 

775.  Tbe  distance  frcan  the 
top  of  the  veil  to  the  water  sur- 
face should  be  nsasured  to  the 
nearest  0.01  ft  and  recorded  after - 

I 

the  test  equipment  is  set  iq>.  Uie  ; 

pump  then  should  be  operated  so  as| 

% 

to  create  a drawdown  in  the  well  | 
of  5 to  8 ft  or  a flow  of  500  gpm. ® 

o 

The  flow  from  the  well  should  thenf 

5 

be  recorded  together  with  the  time  * 
and  measured  depth  (nearest  0.01  | 

ft)  to  the  water  surface  in  the 
well.  For  the  remainder  of  the 
pumping  period  the  flow  from  the 
well  shoxild  be  maintained  at  a 
relatively  constant  rate,  varying 
the  pun^)  speed  if  necessary.  The 
flow  from  the  well  and  depth  to 
water  surface  in  the  well  should 
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water  surface  in  the  well  should  Fig.  85.  Flow  from  orifices  at  end 
be  recorded  at  15-min  intervals  8- in.  pipe 

for  the  remainder  of  the  test  period.  Should  radical  variations  in  pump- 
ing rate  or  internq)tions  in  pumping  occur,  the  pumping  test  shoiald  be 
started  over. 

776,  Purqsing  tests  may  be  made  as  soon  as  a well  is  completed. 

Care  should  be  taken  not  to  damage  either  the  top  of  the  well  or  metal 
well  guard.  The  period  of  punning,  discharge  rate,  and  drawdown  to  be 
achieved  should  be  in  accordance  with  specifications  for  the  project. 

No  test  pumping  of  a well  should  be  permitted  concurrently  with  drilling, 
surging,  or  puniping  of  any  other  well  within  400  ft  of  the  well  being 
tested. 

777.  Vfhen  it  is  desired  to  check  the  inflow  of  sand  during  a pump- 
ing test,  the  flow  from  the  well  shovCLd  be  discharged  into  a suitably 


342 


b.  Tank  in  iise 

Fig.  86.  Sand  collection  tank  for  checking  stability  of  wells 

baffled  stilling  tank  (fig.  86)  to  cause  any  fine  sand  in  the  water  to 
settle  out.  The  inflow  of  sand  into  a well  during  a pun5>ing  test  can  be 
determined  in  the  following  manner; 

a.  Determine  the  depth  to  top  of  sand  in  the  well  to  the 
nearest  0.01  ft  with  a flat-bottomed  sounding  device  and 
steel  tape  before  starting  the  pumping  test. 

b.  At  15-min  intervals  during  pumping,  determine  the  exact 
depth  (nearest  0.01  ft)  to  sand  in  the  well  and  amount 
of  sand  collected  in  stilling  tank  (to  nearest  0.1  pt). 

c.  Total  inflow  of  sand  into  the  well  should  be  computed 
for  each  time  interval  as  the  test  progresses.  The  pump- 
ing test  should  be  continued  mtil  the  rate  of  inflow  of 
sand  is  less  than  1 pt  per  hoin:  but  for  no  longer  than 

8 hours.  If  the  rate  of  sand  inflow  is  more  than  2 pt 
per  hour  after  8 hovu:s  pumping,  the  well  should  be 
abandoned  or  repaired  if  practicable. 

778.  In  the  event  sand  or  other  material  collects  in  the  well  as 
a result  of  the  pumping  test,  it  should  be  reiEOved. 

Recording  of  data 

779*  Installation  data  should  be  recorded  on  a form  such  as  shown 
in  fig.  Any  unusual  conditions  encountered  or  instances  of  non- 
compliance  with  specifications  by  the  contractor  should  also  be  entered 
on  the  form.  All  items  in  fig.  87  are  self-explanatory  with  the  excep- 
tion of  the  following. 
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Fig.  87.  Form  for  recording  relief  well  installation  data 
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a.  The  first  item  in  line  9,  "Elev  Top  of  Riser"  is  to  des- 
ignate the  final  elevation  of  top  of  riser  as  estabLished 
after  completion  of  the  well, 

b.  "Elev  Riser  Set  at"  as  shown  in  the  second  colimin  under 
"Final  Well  Installation  Data"  is  to  designate  the  eleva- 
tion at  which  the  top  of  riser  was  set  initially.  (Field 
e^erience  will  indicate  the  elevation  for  initial  set 

of  top  of  riser  in  order  that  final  elevation  will  be  as 
near  that  required  as  possible.) 

c.  "Inside  Bottom  Elev  of  Well"  is  the  elevation  of  the  top 
of  the  pltig  in  the  bottom  of  the  well  screen  and  is  equal 
to  "Elev  Top  of  Riser"  miniis  "inside  Depth  of  Well." 

Puaqoing  test  data  should  be  recorded  on  a form  such  as  shown  in  fig.  88. 

Appurtenances 

780.  The  tops  of  all  wells  should  be  protected  with  a suitable 
guard  such  as  shown  in  figs.  89  and  90.  Use  of  these  devices  will  greatlj' 
reduce  req\iired  maintenance. 

781.  Each  well  should  be  protected  against  backflow  of  surface 
water  by  a rubber  gasket  and  check  valve  such  as  shown  in  fig.  9I.  Ac- 
celerated fvill-scale  laboratory  tests  have  indicated  this  check  valve  to 
be  very  effective  in  preventing  backflow  of  water  into  a well  under  ad- 
verse conditions.  The  rubber  gasket  shown  in  fig.  9I  was  specially 


3h7 

designed  to  prevent  backflow  of  surface  water  into  the  well  and  also  to 
serve  as  a gasket  between  the  well  top  and  plastic  standpipe.  5he  mold 
for  this  gasket  to  fit  an  8~in.  well  is  owned  by  the  St.  Louis  District, 
CE.  The  gasket  should  be  made  of  neoprene  rubber  with  a softness  of  30 
shore.  In  order  for  the  lightweight  check  valve  to  function  prcrcerly, 
the  top  of  the  well  must  be  made  absolutely  smooth  before  the  rubber 
gasket  is  cemented  to  it.  The  gasket  can  best  be  attached  to  Ihe  wood 
or  cast  iron  tenon  with  an  adhesive  cement  such  as  3-M-  No.  EC-870, 
Minnesota  Mining  and  Idanufacturing  Company. 

782.  Flow  from  relief  wells  will  be  somewhat  more  than  that  due 
to  natural  seepage  d\iring  periods  of  relatively  low  stages  on  the  levees. 
In  agricultural  areas,  each  well  should  be  provided  with  a plastic  stand- 
pipe to  raise  its  discharge  elevation  1 or  2 ft  above  natural  ground  sur- 
face (fig.  92),  unless  the  well  will  be  submerged  by  surface  water  or  un- 
less flow  from  the  well  will  drain  into  natural  slou^s  or  drainageways. 
(The  flare  on  the  standpipe  shown  in  this  figure  is  designed  to  prevent 


a.  Details  of  standpipe  b.  Standpipe  in  place  on 

cast-iron  tenon 

Fig.  $2,  Plastic  standpipe  for  relief  wells 
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the  check  valTO  frcsn  catching  on  the  top  of  the  standpipe  in  the  event 
the  well  flows  before  the  standpipe  is  reooved.)  These  low  sleeves  or 
standpipes  will  prevent  well  flow  during  periods  of  low  river  heads  on 
the  levee  when  no  pressinre  relief  is  necessary.  As  soon  as  artesian 
pressiure  develops  to  such  extent  that  water  begins  to  spill  over  the 
tops  of  the  standpipes,  they  should  be  removed  and  the  system  allowed 
to  operate  as  originally  designed. 

h — I 

1 eaffj- phh  tne/ riftgi) 


Corr-.Jimt/ 

Apt  SJfsmnttm 


€ucniJtr»w%^ 


UjSulA 


783.  Relief  veils  adjacent  to  ditches  or  intates  to  drainage  struc- 
tures or  pumping  stations  along  the  levee  should  be  provided  with  a check 
valve,  standpipe  for  access,  and  a horizontal  disdiarge  pipe  such  as  shown 
in  figs.  93  and  94. 


i.  fV 


J. 


Fig.  95*  Well  guard  and  outlet  used  in  areas  subject  to  flooding  by  sani 

tary  or  industrial  sewage 


Fig.  94.  Tee-type  outlet  with  flap  gate  and  concrete  discharge  apron 

784.  Relief  wells  installed  in  areas  subject  to  flooding  by  sani- 
tary or  industrial  sewage  should  be  provided  with  the  type  of  rubber 
gasket  and  check  valve  shown  in  fig.  91,  an  outfall  pipe  equipped  with 
an  autonsatic  flap  gate,  and  a well  top  of  the  type  shown  in  fig,  95. 


Ciese  flap  ^tes  should  be  of  cast  iron  wi-tii  bronze  facing*  They  should 
be  double-hinged  and  bronze-issunted,  and  should  close  with  a sli^t  ver- 
tical angle.  Bolts  and  washers  should  also  be  of  bronze  or  brass. 

785.  A coB5)leted  relief  well  installation  in  an  agricultural  levee 
district  in  the  St.  Louis  District,  CE,  is  shown  in  fig. 


Fig.  56.  Line  of  relief  wells  with  surface-type  outlets 


Piezometers 

Description 

766.  Piezometers  should  consist  of  all-brass  or  bronze  screen  set 
in  filter  sand,  a riser  pipe  generally  extending  3 ft  above  groimd  sur- 
face, ai^  a cylinder  of  concrete  around  the  riser  pipe  extending  from 
just  below  the  piezometer  cap  to  30  in.  below  grovind  sinrface.  The  pi- 
ezoneter  screen  normally  will  be  24  in.  Icmg  with  a 4o-mesh  screen  or 
No.  18  or  25  slot  size.  The  riser  will  generally  he  commercial  grade, 
standard  weight,  1-1/4- in. -ID  galvanized  steel  pipe  with  cowlings  of 
galvanized  steel,  except  that  a plastic  coupling  shovtld  be  used  between 
the  brass  screen  and  riser  pipe.  The  riser  pipe  shoxtLd  be  fitted  with 
a standart-wei^t  galvanized  steel  cap,  wiiii  a I/8-  or  l/4-in.  hole  in 
its  top,  attached  to  the  concrete  cylinder  around  the  riser  pipe  (see 
fis*  97)  • All  joints  should  be  treated  v±tii  a suitable  joint  con^iound 


vhich  will  seal  the  joint  and  completely 
cover  and  protect  that  part  of  the  riser 
pipe  from  which  the  galvanizing  has  been 
removed  by  threading.  All  joints  should 
be  made  ti^t  bixt  care  should  be  taken 
not  to  damage  the  plastic  coupling  while 
ti^tening  the  assembly.  The  number  of 
the  piezometer  should  be  stamped  on  both 
cap  and  riser  pipe. 

Installation 

787.  Boring  methods.  Piezometers 
sho^Jld  be  installed  in  6-in.  minimum  di- 
ameter holes  drilled  to  the  required 
depth.  The  holes  must  remain  qpea,  or 
be  held  open  with  casing  if  necessary, 
to  allow  placement  of  the  sand  filter 
around  the  pieztsceter  screen  and  to  al- 
low proper  backfilling  around  the  riser 
pipe.  The  boring  for  a piezometer  m^ 
be  advanced  with  an  auger  or  by  a bailer 
and  casing. 

788.  Sampling.  Samples  should  be 
taken  at  3very  change  in  type  of  soil 
and  at  'ntervals  not  to  exceed  3 ft,  in 
order  to  obtain  representative  sasples 
of  the  various  strata  encountered. 

789.  Filter.  The  filter  material 
should  consist  of  clean,  well-graded 
medium  to  fine  sand  which  should  extend 
6 in,  below  the  bottom  of  the  screen, 
con^letely  suwound  it,  and  extend  at 
least  6 in.  above  the  t<^  of  the  screen. 

790.  Backfill.  Space  around  the 
riser  i/ipe  should  be  backfilled  with 
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impervioiis  soil  or  concrete  from  the  top  of  the  filter  material,  or  above 
vhere  sand  caves  in  when  casing  (if  used)  is  withdrawn,  to  within  30  in. 
of  the  ground  surface.  Soil  backfill  should  be  placed  in  4- in.  layers 
and  thoroughly  compacted.  If  the  space  around  the  riser  pipe  contains 

-water,  it  should  be  filled  with  concrete 
placed  by  the  tremie  method. 

793-*  A 6- in. -diameter  concrete  cylinder 
I should  be  installed  around  the  riser  pipe  from 

•I  compacted  backfill  to  within  3 

in.  of  the  top  of  the  piezometer  pipe.  This 
cylinder  may  be  formed  by  placing  a 6-in.- 
^MgPP  round  cardboard  form  from  3 in.  below  top  of 

'Mr-.  > 'r  riser  pipe  to  6 in.  below  ground  surface  and 

M filling  with  concrete.  A completed  piezometer 

• is  fhown  in  fig.  98. 

g S After  installation  is 

con^leted,  each  piezometer  should  be  pumped 

until  a clear  stream  of  water  is  obtained.  If 

the  piezometer  screen  is  above  the  water  table 

^ or  the  water  table  is  too  deep  to  permit  pump- 

Fig.  98.  Piezometer  tr  r 

with  riser  pipe  protected  ing,  the  piezometer  should  be  filled  to  the 
by  concrete  collar  with  clear  water  and  the  rata  at  which  the 

water  falls  in  the  riser  pipe  recorded.  Depth  to  water  should  be  re- 
corded every  minute  for  the  first  5 arid  at  5-roin  intervals  tueraafter 
for  the  following  periods,  depending  on  the  soil  in  which  the  screen  is 


Fig.  98.  Piezometer 


Piezometer  Screen 
Set  In 

Sandy  silt 
Silty  sand 
Fine  sand 


Period  of 
Observation 
(min) 


Approximate  Time 
for  50^  Fall 
(min) 


If  the  piezometer  has  been  installed  properly,  the  time  required  for  the 
water  in  the  riser  pipe  to  fall  5C^  of  the  total  fall  to  the  ground-water 
table  should  not  be  appreciably,  if  any,  greater  than  that  listed  above. 
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An  alternate  method  of  test  is  to  install  a to  10-gal  gradxiated  con- 
tainer of  constant  cross  section  on  top  of  the  piezometer,  fill  the  pi- 
ezometer and  container  with  water  and  observe  the  rate  of  fall  of  water 
in  the  container.  Piezometers  found  to  be  functioning  improperly  because 
of  ogging  or  obstructions  should  be  removed  and  reinstalled  approxi- 
mater^  5 f't-  distant  from  the  first  installation. 

793*  The  approximate  elevations  of  the  tips  of  piezometers  usually 
are  furnished  to  the  inspector  with  the  type  of  soil  id  which  the  screen 
is  to  be  set  and/or  a soil  profile  on  which  the  piezometer  screen  has 
been  plotted  to  show  the  stratum  in  which  it  is  intended  the  screen  should 
be  installed.  In  general,  the  screens  should  be  installed  in  clean  sand; 
in  no  case  should  any  part  of  the  screen  be  installed  in  clay  or  silt. 

All  installation  data  should  be  recorded  on  a form  such  as  shown  in  fig. 
99- 


Seepage  Benns 


794.  Seepage  berms  can  be  constructed  by  hydraujic  fill  methods 
or  by  hauling.  The  mexhcd  of  construction  and  type  of  fill  to  be  used 
will  depend  on  whether  the  berm  has  been  designed  as  an  impervious,  semi- 
pervious,  pervious  or  sand,  or  a free-draining  berm  in  accordance  with 
the  following  tabulation. 

Perm  Coefficient 


Type  of  Berm 

Type  Soil 

of  Permeability 
(k^)  X 10”**^  cm/sec 

Method  of 
Placement 

Lift 

Thickness 

in. 

Impervious 

Random 

<1 

Hauling 

12  to  18 

Semipervious 

Silty  sand  or 
sand 

>1  <100 

Hauling  or 
dredging 

-- 

Pervious 

Said 

>100 

Hauling  or 
dredging 

-- 

Free- 
dr  ,ning 

Random  and 
gravel  filter 
biauket 

* 

Hauling 

* Seepage-CEirrying  capacity  of  gravel  blanket  equal  to  or  more  than  1 

to  2 gpm  per  linear  foot  of  berm  with  a head  loss  of  less  than  1 or  2 
ft  for  flow  through  full  width  of  berm. 
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Berms  do  not  require  any  special  compaction  other  than  that  resulting 
from  placement  and  spreading  operations.  Special  precautions  must  be 
taken  in  the  construction  of  free-draining  berms  to  insure  that  the  filter 
layers  are  properly  constructed  and  the  gravel  filter  has  the  required 
permeability. 

Riverside  Blankets 

795*  Riverside  impervious  blankets  should  be  constructed  of  the 
most  impervious  material  readily  available.  It  should  be  placed  in  6- 
to  12- in.  lifts  and  compacted  with  controlled  movement  of  the  hauling 
eqvdpment  or  at  least  three  coverages  of  a crawler- type  tractor  exerting 
a tread  pressure  of  at  least  6 psi.  Ihe  thickness  of  the  blanket  will 
depend  rg)on  its  permeability  and  other  design  considerations  but  should 
be  a minimum  of  3 to  5 ft. 

796.  Borrow  for  seepage  berms,  or  for  impervious  riverside  blankets 
or  sublevees  as  discussed  subsequently,  should  either  be  obtained  at  a 
distance  of  1000  to  I500  ft  or  more  from  the  riverside  levee  toe,  or  bor- 
row operations  should  be  controlled  so  as  to  leave  a blanket  of  clay  or 
silt  at  least  5 ft  thick  over  the  underlying  pervioiis  sands. 

797*  If  the  blanket  will  be  subject  to  very  severe  scouring  act-Son, 
it  should  be  protected  by  means  of  spur  and/or  abatis  dikes  strategically 
located.  Borrow  pits  in  which  impervious  blankets  are  placed  should  be 
drained  to  permit  the  growth  of  willows. 

798*  Borrow  pits  that  have  been  excavated  to  sand  for  levee  con- 
struction can  be  partially  refilled  with  silt  by  construction  of  spur 
and  abatis  dikes  at  strategic  locations  along  ’,he  levee.  Although  such 
a blanket  of  silt  and  sand  will  not  be  as  inp>ervious  as  a compacted  clay 
blanket,  it  will  materially  reduce  underseepage  and  hydrostatic  pressxires 
landward  of  a levee.  (Construction  of  abatis  dikes  is  subsequently  dis- 
cussed.) Collection  of  silt  by  means  of  abatis  dikes  requires  upstream 
inlet  ditches  to  bring  water  into  the  borrow  pits  at  below  bankfull 
stages  and  do^mstream  outlet  ditches  to  permit  drainage  of  the  pits  after 
the  high  water  has  receded.  Drainage  of  the  pits  is  required  to  permit 
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the  growth  of  willows  which  are  necessary  if  the  pits  are  to  he  filled 
by  siltatioi*  The  gro\rt;h  of  willows  is  necessary  to  replace  the  abatis 
dikes  which  have  an  expected  life  of  no  more  than  3 to  5 years. 

Sublevees 

799.  Sublevees  constructed  around  critical  seepage  areas  should 
have  a minimum  crown  width  of  5 ft  and  side  slopes  of  1 on  2-1/2  or  3« 
They  shovild  be  built  of  relatively  impervious  soil  compacted  in  9- in. 
lifts  with  at  least  three  coverages  of  a crawler- type  tractor  or  the 
eq[iiivalent  by  controlled  movement  of  hauling  equipment.  Borrow  for  sub- 
levees shovild  never  be  obtained  between  the  levee  and  the  sublevee.  The 
material  should  be  placed  within  2 to  4^6  of  optimvmi  moisture  to  insure 
its  stability  when  subjected  to  a head  of  water  and  to  minimize  the  de- 
velopment of  shrinkage  cracks.  The  base  for  the  sublevee  should  be 
properly  prepared  so  as  to  prevent  development  of  piping  beneath  the  sub- 
levee. Sublevee  basins  should  be  provided  with  paved  overflow  spillways 
to  prevent  crevassing  in  event  of  overflow  as  a result  of  seepage  or  sur- 
face runoff  from  the  main  levee.  A gated  outlet  should  also  be  provided 
to  drain  the  basin  after  a hi^-water  period.  The  sublevee  basin  should 
have  at  least  1 ft  of  freeboard  above  the  maximum  anticipated  pool  eleva- 
tion with  the  spillway  in  operation.  Sublevee  basins  longer  than  about 
300  to  500  ft  should  be  provided  with  cross  dikes  and  each  basin  thus 
formed  should  be  provided  with  an  overflow  spillway.  The  sublevees  and 
dikes  should  be  sodded  and  maintained. 

Abatis  Dikes 


800.  Abatis  dikes  usually  consist  of  a row  of  posts  across  the 
borrow  pit  that  svqjport  2-  by  4-in.  stringers.  To  these  stringers  are 
stapled  field  fencing  and  snow  fence  as  shown  in  fig.  100.  The  dike  is 
braced  with  2-  by  4- in.  bracing  anchored  to  stakes  driven  into  the  ground 
on  18- ft  centers.  In  order  to  prevent  undercutting  of  the  dike  as  result 
of  scour,  it  should  be  protected  00th  iqsstroara  and  downstream  by  means 
of  a riprap  mattress. 
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Fig.  101.  Abatis  dike  across  borrow  pit,  Columbia  Levee  District. 

St.  Louis  District,  CE 

gage  wire,  and  bars  and  staves  shovtld  be  not  less  than  No.  11  gage  wire. 
The  staves  and  bars  should  be  spaced  on  about  6-in,  centers.  The  width  of 
the  fencing  should  be  not  less  than  the  width  between  the  adjacent  dike 
stringers.  The  fencing  should  also  be  zinc-coated.  The  riprap  stone 
should  be  of  durable  q\iality  and  should  grade  from  about  3 to  150  lb. 

802.  Fig.  101  shows  a completed  abatis  dike. 

Drainage  Blankets 

803.  As  proper  functioning  of  a drainage  blanket  depends  upon  its 
continued  perviousness,  they  should  not  be  constructed  until  eifter  the 
landside  slope  of  the  levee  has  become  stabilized  and  covered  with  sod 
so  that  soil  particles  carried  by  surface  rimoff  and  erosion  from  the 
levee  will  not  clog  the  blanket.  If  it  is  necessary  to  construct  the 
blanket  at  the  time  the  levee  is  built  or  before  it  has  become  covered 
with  sod,  an  interceptor  dike  should  be  built  at  the  intersection  of  the 
landside  levee  slope  and  drainage  blanket  to  prevent  surface  wash  from 
jclogging  the  blanket.  The  flow  intercepted  by  the  dike  should  be  drained 
off  throu^  spaced  outfall  channels.  After  the  levee  has  become  covered 
with  sod,  the  interceptor  dikes  and  outfall  channels  should  be  removed 
and  the  blanket  completed. 
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804.  A drainage  blanket  shovdd  not  be  constructed  unless  the  per- 
vious foundation  extends  completely  to  the  surface.  If  sod  or  vegetation 
exists  in  the  area  to  be  covered  by  the  blanket,  they  should  be  removed 
before  the  blanket  is  placed.  The  loss  of  material  involved  may  be  made 
up  with  locally  available  clean  sand,  or  the  first  filter  layer  may  be 


increased  in  thickness. 


Drainage  Trenches 


805.  Drainage  trenches  are  excavated  along  the  landside  toe  of  a 
levee  for  the  ptu^ose  of  tapping  the  underlying  pervious  substratum.  In 
order  to  be  effective,  the  trench  must  penetrate  any  upper  strata  of  clay, 
silt,  or  very  fine  sand.  Althou^  the  depth  of  the  trench  will  usually 
be  set  on  the  basis  of  previous  borings,  soil  strata  frequently  vary  in 
relatively  short  distances  and  therefore  it  may  be  necessary  to  adjust 
the  depth  of  the  trench  diiring  construction  in  order  to  insure  that  it 
taps  the  main  underlying  aquifer. 

806.  Drainage  * reaches  are  visually  excavated  immediately  landward 
of  the  levee  toe.  Side  slopes  of  such  trenches  should  be  as  steep  as 
possible  (usually  1 on  1 or  1 on  I.5)  but  must  be  stable  so  as  not  to 
endanger  the  levee  slope.  The  trenches  should  be  constructed  in  the 
summer  or  fall  when  the  water  table  is  lowest:  even  then  it  may  be  neces- 
sary to  use  a dewatering  system  to  achieve  the  required  depth  for  the 
trench. 

807.  For  a drainage  trench  to  function  properly,  it  is  iaqperative 
that  the  filter  layers  be  properly  graded  and  be  carefully  placed.  Like- 
wise, the  collector  pipe  should  be  properly  installed.  There  should  be 
no  Joints  with  openings  larger  than  the  perforations  in  the  pipe.  Pre- 
cautions shovild  be  taken  to  prevent  the  filter  layers  or  collector  pipe 
from  becoming  flooded  with  mviddy  surface  water  during  construction. 

808.  The  excavation  for  the  trench  may  be  refilled  with  material 
taken  from  the  trench  and  compacted  with  either  a crawler-type  tractor 
or  by  hauling  equipn«nv.. 
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Cutoffs 

809 • ^'/here  the  depth  of  the  pervious  substratum  is  less  than  about 
4o  ft^  an  impervious  cutoff  can  be  constructed  at  the  riverside  toe  of 
the  levee  by  means  of  either  open  excavation  or  a trenching  machine  and 
backfilling  with  impervious  soil.  The  cutoff  should  be  placed  either 
beneath  the  levee  (in  the  case  of  new  levees)  or  at  the  riverside  toe. 

If  placed  at  the  riverside  toe  it  should  be  tied  into  the  levee  by  means 
of  an  impervious  blanket. 

810.  Cutoffs  may  be  constructed  of  earth,  steel  sheet  piling,  or 
possibly  by  grouting  throiagh  grout  holes  on  close  centers;  however,  earth 
construction  is  considered  the  most  practical  method.  Although  steel 
sheet  piling  is  commonly  iised  for  cutoffs,  experience  has  indicated  that 
it  is  not  entirely  watertigjtit  as  leakage  occurs  through  interlocks,  at 
splices,  and  through  torn  interlocks.  Unless  the  sheet  pile  cutoff  is 
tight  and  continuous,  little  reduction  of  pressure  landward  of  levees 
can  be  expected.  However,  a sheet  pile  wall  properly  driven  will  sig- 
nificantly reduce  the  danger  of  piping  beneath  the  levee.  The  high  cost 
of  steel  sheet  piling  generally  precludes  its  use  for  deep  cutoffs. 
Grouting  of  alluvial  sands  has  been  attempted  but  is  quite  expensive  and 
at  its  present  stage  of  development  cannot  be  considered  as  a practical 
means  of  cutting  off  a deep  pervious  aquifer. 

811.  An  open  excavation  for  a cutoff  should  be  cut  on  slopes  which 
will  insure  stability  of  the  slopes  and  the  levee,  A wellpoint  system 
will  usually  be  required  where  the  excavation  extends  below  the  water 
table.'  The  excavation  should  be  backfilled  with  impervious  soil  (clay 

or  silt)  compacted  in  layers  by  means  of  a crawler-type  tractor  or  con- 
trolled movement  of  hauling  eqxxipment. 

812.  A cutoff  can  also  be  constructed  by  dragline  or  specially 
built  trenching  machine  capable  of  digging  trenches  4o  or  50  ft  deep. 

In  this  method  of  construction  the  trench  is  held  open  by  keeping  it 

illed  with  a clay  sliurry.  It  is  essential  that  the  clay  content  of  the 
slurry  be  svifficient  to  coat  and  seal  the  walls  of  the  trench  in  order 
that  the  hydrostatic  pressure  can  be  effective  in  holding  the  trench 
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open.  The  clay  slurry  can  he  prepared  by  chopping  the  clay  with  a disk 
harrow  and  mixing  it  with  water  by  means  of  pumps  and/or  paddles.  The 
trench  is  then  filled  with  the  sltirry.  In  order  that  the  procedure  be 
successful,  the  operations  of  digging,  keeping  the  trench  filled  with 
slxurry,  and  backfilling  must  all  be  carried  out  simultaneously. 

813.  VJhere  a levee  is  underlain  by  a relatively  thin  deposit  of 
natural  levee  or  crevasse  sand,  in  turn  underlain  by  impervious  strata, 
the  sand  stratum  can  be  cut  off  by  either  of  the  above  procedures.  Con- 
struction of  such  a cutoff  along  a levee  in  the  St.  Louis  District  is 
illvistrated  in  fig.  102. 


Fig.  102.  Construction  of  cutoff  through  shallow  sand 
stratum  beneath  levee 
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PART  VIII:  !4AIHKiNAMCE  OF  UNDERSEEPAGE  CONTROL 
MEASURES  AND  OBSERVATIONS  DURING  HIGH  HATER 

^^inteoance 

Relief  wells 

81*1^.  Relief  wells  require  a certain  amount  of  nominal  maintenance 
to  insure  their  continued  and  proper  functioning.  In  order  for  relief 
wells  to  function  properly,  iu  is  essential  that  they  he  kept  free  of 
sand,  s>jut,  organic  matter,  or  any  other  material  that  would  retard  free 
flow.  Relief  wells  should  he  inspected  once  a year,  preferably  imme- 
diately prior  to  normal  high-water  seasons,  and  more  often  during  major 
hi^  waters  for  the  purpose  of  detecting  vandalism,  theft,  abuse  by 
thoughtlessness  or  carelessness,  unauthorized  use  of  the  wells  or  pie- 
zon^ters,  or  other  irregularities.  Each  well  should  be  sounded  every 
two  or  three  years  and  after  each  major  water  to  see  that  it  is  free 
of  trash  and  any  obstruction,  and  to  determine  the  amount  of  sand,  silt, 
or  other  material  that  may  have  settled  at  the  bottom  of  the  well.  Any 
trash,  obstruction,  or  sediment  to  a depth  greater  than  1.5  ft  in  the 
well  should  be  removed. 

815.  All  wells  requiring  removal  of  sediment  should  be  pump- 
tested  after  cleaning  to  see  if  any  appreciable  loss  of  efficiency  has 
resulted  from  foreign  material  entering  the  well.  In  addition,  all  wells 
should  be  pump-tested  at  least  every  5 to  8 years.  If  the  pumping  test 
indicates  that  the  specific  yield  is  2C^  or  more  lower  than  the  original 
specific  yield,  the  well  should  be  surged  in  an  effort  to  restore  its 
original  efficiency.  Individual  wells  known  to  have  been  subjected  to 
inflow  of  muddy  water  as  a result  of  inoperative  check  valves  or  removal 
of  check  valves  or  vandalism  should  be  punped  and/or  cleaned  before  the 
next  high-water  season. 

816.  Silt,  sand,  or  or^nic  material  that  may  have  accumulated 
around  the  top  of  a relief  well  should  be  removed.  Check  valves  and 
flap  gates  should  be  maintained  so  that  they  will  operate  properly  and 
close  securely.  Sand  or  other  material  that  may  have  accumulated  in  or 
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around  flap  gates  so  as  to  obstruct  the  flow  or  prevent  jftinctioning  of 
the  gates  should  be  removed.  Outfall  ditches,  bank  slopes,  or  berms 
should  be  properly  maintained  in  the  vicinity  of  horizontal  outfall  pipes. 

817.  During  each  inspection  special  attention  shouH  be  given  to 
check  valves,  gaskets,  and  standpipes,  and  each  con^ionent  should  be 
maintained  in  the  same  working  condition  as  when  it  was  initially 
installed. 

818.  The  area  in  the  immediate  vicinity  of  the  wells  should  be 
kept  free  from  weeds,  trash,  and  debris.  Mowing  and  weed  spraying  should 
be  extended  at  least  5 ft  beyond  the  well  and  the  ground  shaped  and  main- 
tained for  infection  and  servicing  of  the  wells. 

819.  Relief  wells  may  be  used  for  water  supply  purposes,  provided 
they  are  not  overpun^ed  and  not  damaged  in  any  way  as  a result  of  pimp- 
ing operations.  Any  connections  to  relief  wells  for  water  supply  pur- 
poses should  be  of  a flexible  nature  that  will  permit  normal  operation  of 
the  well  during  high-water  periods, 

820.  A record  should  be  kept  of  all  inspections  and  maintenance 
performed. 

Seepage  berms 

821.  Seepage  berms  require  relatively  little  maintenance.  They 
should  be  kept  graded  to  drain,  and  any  large  gullies  that  develop  should 
be  filled.  Objectionable  growth  of  weeds  or  brush  should  be  controlled 
by  grazing  or  periodic  mowing. 

Riverside  blankets 

822.  Riverside  blankets  should  be  inspected  after  high  water  to 
check  on  scour.  If  the  blapket  has  been  damaged  by  scour,  the  scour 
should  be  repaired  and  the  blanket  protected  by  means  of  properly  placed 
abatis  dikes  and  by  encouraging  the  growth  of  willows. 

Sublevees 

823.  Sublevees  should  be  inspected  periodically  to  check  their 
grade  and  section,  and  the  condition  of  “;he  control  gites,  spillways,  and 
drains.  Sublevees  and  the  area  within  them  should  be  maintained  free  of 
objectionable  weeds  and  brush,  any  erosion  of  the  sublevees  should  be 
repaired,  and  control  gates,  spillways,  and  druins  should  be  kept  in 
operating  condition  at  all  tir^s. 
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Cutoffs 

824.  Cutoffs  require  no  inspection  or  naintenance. 

Drainage  trenches 

825.  Drainage  trenches  of  the  design  illustrated  in  Part  VI  should 
be  given  the  applicable  inspection  and  maintenance  described  for  relief 
t^lls. 

Piezotceters 

826.  All  piezoofiters  should  be  inspected  annxially  for  damage  or 
any  unusual  condition  that  mi^t  affect  their  performance.  !Hie  site  of 
piezometers  should  be  kept  clear  of  weeds  and  brush  and  cared  for  in  the 
same  manner  as  described  for  relief  wells.  Any  damage  to  or  main- 
tenance performed  on  piezometers  should  be  reported,  and  the  piezos^ters 
repaired. 

Itoderseepage  Measurements  and  Observations 
dtiring  Hi^  Water 


Piezometer  and  seepage  observations 

827*  When  river  stages  higher  than  8 ft  on  the  levee  are  pre- 
dicted, plans  should  be  made  for  reading  piezon^ters  at  least  twice  a 
week  until  after  the  crest  of  the  flood  has  passed  and  the  river  stage 
fallen  below  8 ft. 

828.  Seepage  observations  should  also  be  made  when  the  piezometers 
are  read  for  the  purpose  of  reporting  the  location  and  severity  of  sand 
boils  and  other  vtnderseepage  conditions  in  the  area.  Seepage  should  be 
classified  as  lieht,  medium,  or  heavy,  and  the  area  in  which  it  is 
emerging  recorded  as  well  as  the  head  on  the  levee  at  the  time.  The 
location  of  sand  boils  larger  than  4 in.  should  be  noted  by  recoiding 
the  levee  stationing  and  distance  from  the  center  line  of  the  levee  or 
landside  toe  of  levee  or  berm. 

829.  If  seepage  water  or  sxurface  water  covers  the  area  adjacent 
to  piezometers  or  where  seei>age  or  sand  boils  are  occurring,  the  eleva- 
tion of  such  water  should  be  recorded. 
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Opeiution  and  obser- 
vatioa  of  relief  wells 

830.  Noncal  veil  operation  requires  removal  of  standpipe  as  soon 
as  the  well  orerflows  the  standpipe.  Check  valves  and  gaskets  are  left 
on  the  wells  at  all  tines.  Flow  from  selected  wells  and  reaches  of  wells 
should  be  measured  periodically  as  a check  on  design  coE5)utations  and  to 
provide  a record  of  the  amount  of  water  being  discharged.  The  flow  fran 
the  wells  can  best  be  measured  by  means  of  the  relief  well  meter  described 
in  reference  52,  or  it  may  be  approximated  roii^ly  by  obswrving  the 
height  of  water  flowing  from  the  well  above  the  top  rim  of  the  riser  pipe. 
Sublevee  basin  observations 

831.  Ohe  elevation  of  water  in  sublevee  basins  should  be  deter- 
mined at  sites  where  piezometers  are  installed  whenever  the  piezcsr 
are  read.  During  major  high  water,  the  elevation  of  water  ii 

basins  should  be  recorded.  Seepage  flow  over  spillways  in  sublevee 
basins  should  be  estimated  dui'ing  high  water. 

Seepage  flow  measurenants 

832.  The  natural  seepage  flow  should  be  measxured  at  the  Gammon, 
Commerce,  Trotters  51  and  5^#  Stovall,  and  Baton  .^ouge  piezometer  sites, 
at  ihe  same  points  where  it  was  measured  in  1950,  at  river  stages  of  10, 
15,  20,  and  25  ft  on  the  levees.  Flow  from  any  new'  relief  wells,  sub- 
levee basins,  or  landweird  of  new  seepage  berus  (where  practicaole),  at 
the  piezometer  sites  should  also  be  iseasured  at  these  river  stages  and 
at  the  first  5-ft  stage. 


PART  IX:  EXAMPI^S  OF  DESIGNS  FOR  SEEPAGE  CONTROL 

MEASURES  AT  PIEZOMETER  SITES  STUDIED 


833 • Examples  of  designs  for  seepage  control  nsasures  have  been 
prepared  for  those  piezometer  sites  vhere  additional  measures  are  con- 
sidered necessary  based  on  analyses  presented  in  Part  . G?he  designs 
are  applicable  only  to  the  peirticular  reach  of  levee  covered  by  the  in- 
vestigation. The  method  or,  in  some  cases,  alternate  methods  of  control 
fcr  which  designs  have  been  prepared  are  those  considered  most  applicable 
to  that  particular  site  from  an  engineering  and  construction  standpoint.  j 
The  primary  purpose  in  presenting  these  designs  is  to  illustrate  the  ; 

factors  that  enter  into  the  selection  of  a control  measure  and  its  de- 
sign, and  to  compare  the  design  of  different  control  measures.  The  bases 
of  design  and  the  designs  of  recommended  control  measures  are  given  in 

i 

tabular  form  for  each  site  where  control  measures  are  considered  neces-  1 

sary.  Selection  of  the  control  measures  to  be  used  shoiiLd  largely  be 
based  on  cost  and  availability  of  right-of-way.  Right-of-way  for  river- 
side blankets  can  usually  be  readily  obtained.  Relief  wells  require 
about  10  ft  of  right-of-way  6j.ong  the  landside  toe  of  the  levee  with  a 
50- ft  easement  dviring  construction.  Seepage  berms,  because  of  their 
width,  require  considerably  more  right-of-way. 

834.  The  designs  presented  are  based  on  geological  and  soils  data, 
topographical  features,  piezometric  and  permeability  data,  and  formulas 
presented  in  the  preceding  parts  of  this  report.  All  designs  are  based 
on  a project  flood  stage.  The  riverside  blankets,  relief  wells,  and 
berms  recommended  will  probably  not  prevent  sand  boils  from  occurring 

in  all  instances  but  are  believed  adequate  to  insure  the  safety  of  the 
levee . 

835.  Relief  well  system  designs  are  based  on  the  use  of  8- in.  ID 
wooden  wells  with  a 6-in.  gravel  filter,  and  an  effective  penetration  of 
50^  of  the  pervious  aquifer  (60^  on  a depth  basis).  Ihe  reqviired  length 
of  well  screen  W shown  in  the  tables  is  the  total  length  required  for 
50^  effective  penetration  of  the  sand  aquifer.  At  some  sites,  fine  sands 
exist  above  the  top  of  the  main  screen,  and  "extra"  screen  to  penetrate 
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and  intercept  seepage  in  the  fine  sand  strata  indicated  in  the  tables, 
(if  dvtring  the  installation  of  relief  wells  it  is  found  from  samples  of 
the  drilling  effluent  that  the  sands  are  too  fine,  the  "extra*'  screen 
should  not  be  installed.) 

836.  At  several  sites  where  relief  wells  are  recommended,  only 
limited  data  pertaining  to  the  thickness  and  gradation  of  the  fovindation 
sands  are  available.  In  general,  the  thickness  of  the  pervious  substra- 
tum should  be  obtained  about  every  1000  to  I5OO  ft  by  means  of  seismic 
methods  or  deep  borings.  Borings  with  a depth  approximately  equal  to 
the  depth  of  the  wells  should  be  made  on  about  1000-ft  centers  in  reaches 
where  wells  are  to  be  installed,  to  determine  the  gradation  of  the  sand 
strata  in  which  well  screens  would  be  set  and  the  required  length  and 
depth  of  well  screen. 

837 ‘ The  required  spacings  of  relief  wells  were  determined  from 

-4 

figs.  63  through  66,  which  are  based  on  = 1250  x 10  cm  per  sec 
and  D = 100  ft.  Where  the  well  reach  is  fairly  short,  well  spacings 
were  reduced  using  fig.  62.  The  estimated  well  flows  were  obtained  from 
these  figux-es  but  were  adjusted  to  correspond  to  the  values  of  k^  and 
D at  the  site. 

838.  The  tops  of  relief  wells  would  be  set  about  4 in.  above  the 
natural  ground  surface,  and  provided  with  a rubbej  gasket,  check  valve, 
well  guard,  and  plastic  standpipes  as  described  in  Parts  VI  and  VII. 

The  height  of  standpipe  above  the  natural  ground  surface  may  equal  0.25 
z but  should  not  exceed  3 ft.  Collector  ditches  for  the  wells  are  not 

Xt 

recommended  at  any  of  the  s. ces  discussed  because  they  reduce  the  thick- 
ness of  the  top  stratum  €ind  thereby  decrease  the  reqtiired  well  spacing. 
Where  the  locations  of  relief  wells  are  included  in  the  tables,  the  sta- 
tioning refers  to  that  along  the  center  line  of  the  levee  with  the  wells 
offset  perpendicular  to  the  center  line.  The  wells  generally  would  be 
located  about  5 ft  landward  from  the  toe  of  the  existing  levee  or  berm. 

839.  The  designs  of  riverside  blankets  are  based  on  formulas  given 
in  Part  VI.  The  riverside  conditions  at  the  site,  assximed  in  the  desi^i, 
are  identified  by  a case  number  corresponding  to  the  case  numbers  used 

in  Part  VI. 
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840.  Landside  seepage  berms  were  desigjied  using  the  formulas  in 
fig.  67,  and  in  accordance  with  paragraph  72? ,i  pag.e  ‘ilk*  In  several  in- 
stances the  computed  width  of  a berm  reqtiired  to  reduce  the  substratum 
pressvire  at  the  berm  toe  to  an  allowable  amount  was  considerably  in  ex- 
cess of  4CX)  ft.  However,  the  maximum  width  of  berm  recommended  is  400 
ft.  As  the  recommended  vidth  of  some  berms  is  less  than  the  computed 
required  width,  certain  of  the  berms  will  not  give  pressure  relief  com- 
parable to  that  provided  by  relief  wells  or  riverside  blankets,  as  the 
latter  designs  were  always  based  on  reducing  the  upward  gradient  through 
the  top  stratum  landward  of  the  levee  to  0.5  or  0.6. 

Caruthersville , Missotu-i 


841.  The  maximum  H at  the  Caruthersville  site  is  relatively  low 
and,  as  the  landside  top  stratum  is  relatively  uniform,  the  seepage 
problem  is  not  considered  particularly  serious.  Consequently  it  is  be- 
lieved that  some  additional  blanket  in  the  rather  open  riverside  borrow 
pits  will  be  adequate  for  the  control  of  seepage  at  the  site.  The  de- 
sign of  the  required  blanket  is  given  ■'n  table  4l. 

842.  Formulas  are  not  available  for  design  of  riverside  blankets 

for  conditions  existing  at  Caruthersville;  however,  the  ocnditions  fall 

into  a category  close  to  case  III  and  this  case  was  used  to  compute  the 

required  riverside  blanket.  On  the  basis  of  the  analyses  shown  in  table 

4l  it  appears  that  a silty  blanket  3 to  5 ft  thick  with  a permeability 
-4 

of  1.5  X 10  cm  per  sec  would  provide  adequate  seepage  control  between 
sta  25/40  and  26/32.  This  blanket  could  probably  be  developed  in  time 
by  siltation  between  abatis  dikes  and  in  willow  growth  in  the  borrow  pits. 
It  is  recommended  that  abatis  dikes  be  constructed  at  500-ft  intervals 
between  sta  2^/U'^  and  26/32  with  their  tops  at  el  265.0  An  inlet  chan- 
nel would  have  to  be  excavated  from  the  river  to  the  borrow  pit  upstream 
of  sta  25/40,  and  an  outlet  channel  from  the  pit  to  the  river  downstream 
from  sta  26/32,  to  bring  water  and  sediment  into  the  borrow  pits  at 
relatively  low  river  stages.  The  invert  of  the  inlet  channel  should  be 
at  el  258;  that  of  the  outlet  channel  at  el  262.  The  riverside  edge  of 
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Table  4l 

Sinnwary  of  Designs  of  Seepage  Control  Measures 


Caruthersville , Mo.,  Site 


Stationing  of  Reach 

Item 

25/40-26/9  25/9-26/16 

26/16-26/32 

Design  Factors 

h in  ft 

6.1 

4.2 

5.1 

H in  ft 

19.2 

16.7 

16.7 

s in  ft 

500 

500 

500 

in  ft 

2i0 

170 

220 

in  ft 

7.0 

8.0 

d in  ft 

ICO 

100 

100 

in  10”*^  cm/sec 

15CX) 

1500 

1500 

Avg  grovind  el 

268.0 

270.5 

270.5 

L in  ft 

00 

00 

00 

Q in  gpm/lCO  ft 

0 

625 

560 

— 

Riverside  Blanket 

Case 

III 

III 

Ill 

Type 

Silt 

SiJ.t 

Silt 

i 

a 

0.5 

0.5 

•0.5 

h in  ft 
a 

3.5 

2.3 

4.0 

X in  ft 
r 

7C0 

790 

4oo 

Lg  in  ft 

3C0 

300 

300 

5 

0 

0 

kgg  in  10  cm/sec 

26 

— 

— 

kg  X 10"^  cm/sec 

1.5 

1.5 

1.5 

Computed  Zg  in  ft 

4.6 

6.2 

1.6 

Recommended  Zg  in  ft 

5 

6 

3 

Q in  gpm/lOO  ft 
s 

335 

290 

400 

the  traverse  in  the  borrow  pit  at  about  sta  26/20  should  be  degraded  to 
el  262  to  permit  river  water  to  enter  the  pit  downstream  from  the  tra- 
verse at  low  stages. 
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843.  A BKJre  effective  blanket  could  be  obtained  by  placing  a clay- 
blanket  in  iiie  borrow  pits  with  sufficient  thickness  to  result  in  a cchs- 
bined  thickness  of  blanket  and  existing  clay  tcq)  stratum  of  3 to  5 ft. 

As  would  be  done  for  the  silt  blanket,  tJje  borrow  pits  should  be  drained 
to  promo-te  -the  growth  of  willows  to  pro-tect  the  blanket  against  scour. 

Gannon,  Arkansas 

844.  For  purposes  of  comparison,  a riverside  blanket,  a system  of 
relief  wells,  and  extensions  to  the  present  landside  seepage  berm  have 
been  designed  for  various  reaches  of  the  Gannon  levee  as  shown  in  tables 
42-a  and  42-b.  Design  factors  and  control  measures  shovm  in  table  42-a 
are  based  on  the  aissumptions  the  landside  drainage  ditch  wo\ild  not  be 
filled;  those  in  table  42-b  are  based  on  the  assumption  the  ditch  would 
be  filled. 

845.  la  the  design  of  -the  riverside  blankets  it  wais  assumed  that 
the  formulas  for  case  IV  were  applicable  to  riverward  conditions  at 
Ganmon,  as  the  levee  is  about  2-l/2  miles  from  the  river  and  the  top 

^ sti'atum  riverward  of  the  borrow  pits  consists  of  relatively  thick,  im- 

■;  pe'.-vious  clays.  The  computed  thickness  of  a compacted  clay  blanket  neces- 

ssry  to  reduce  sub^J/ratun  pressures  beneath  the  landside  drainage  ditch 
to  tolc.rabi'?.  amounts  was  less  than  1 ft.  Thus  a minimum  thickness  (3 
ft)  cf  blanket  is  considered  adequate.  It  is  estimated  that  about  4C00 
to  5S0O  cu  yij.  of  blanket  material  wo\ild  be  required  per  ICO  ft  of  levee, 
i Clay  for  su:i)  e.  I'lanknt  could  be  obtained  riverward  of  the  existing  borrow 

pits,  but  operations  necessarily  would  have  to  be  controlled  to  insure 
that  at  least  a 5-f’t  thickness  of  clay  is  left  riverward  of  the  present 
borrow  pit.  The-  recoamendsci  b3.anket  is  considered  adequate  for  seepaige 
control  yj-theut  filling  the  landside  drainage  ditch;  however,  filling  of 
the  ditch  v.cv26.  be  destrable. 

846.  The  icqviied  spacing  of  a line  of  relief  wells  installed 
along  the  toe  of  the  present  seepage  berm  is  given  in  tables  42-a  and 
42-b.  For  purposes  of  comparison,  the  spacings  in  table  42-a  were  bosed 
on  the  assumption  that  the  ij3ipi,»lde  ditch  would  not  be  filled  and  those 
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Sralaapa 


05«»tTOl  Ww 

Mte&  wt  1 


aMMCTf  w<-f  Stf 


XXm 

OxlB  Wirtocm 

£0.7 

U.1 

10.2 

U.6 

13.1 

1 

10.2 

1 u n 

25.J 

S6.2 

36.2 

26.2 

2S.2 

26.2 

• w ft 

lOOC 

600 

2CM 

1000 

;ooo 

1000 

.*«  ft 

•fio 

m 

610 

SCO 

OiO 

U ft 

5.0 

k.O 

6.0 

5.C 

10.0 

6.0 

a ft 

130 

135 

115 

iij 

135 

135 

kf  la  10*^  Wmc 

lem 

1000 

1000 

iOOO 

1000 

1000 

itvs 

219.0 

21S.0 

21B.0 

218.0 

21S.0 

218.0 

I.J  la  ft 

j» 

300 

5» 

}CO 

500 

500 

la  cWlOO  ft 

330 

-500 

— — 

360 

— — 

Cm* 

rr 

It 

It 

IT 

It 

rr 

Tm 

ClAy 

Cljy 

Clay 

Clay 

CUy 

Clay 

1^  (toe  of  cxlr-lsc  ban) 

0,6 

0.6 

0.6 

C.6 

0,5 

0.6 

b la  ft 

3.0 

2.4 

3.6 

4.8 

6.0 

3-6 

la  f t 

fcjw 

^50 

3500 

3C4o 

ssw 

3J00 

1,  la  ft 

350 

450 

450 

4$0 

450 

450 

*W 

2 

1 

3 

3 

3 

3 

kyj  18  lO"*  n/aec 

e 

ICO 

1.6 

1.6 

1.6 

1.6 

k,  a lO"*  cm/ms 

0.05 

0.05 

0.05 

0.05 

0.C5 

0.05 

Coivvtad  tji  la  ft 

0,6 

0.S 

0,^ 

0.** 

0.3 

0.4 

latoiBtirt  la  ft 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

% In  «P%'.U»  ft 

So 

100 

U5 

120 

135 

U5 

Selltf  WcUt 

1^  (to*  of  cxMttnt  ben) 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

la  ft 

3.0 

3.6 

4.8 

6.0 

3.6 

C0apit«4  ipaclac  la  ft 

i£0 

so 

IVO 

200 

250 

1^0 

Mvmaaolti.  *|Mlac 

ISO 

75 

140 

150 

250 

l40 

ff  Ir.  ft 

» 

90 

90 

90 

90 

So 

a top  of  "ejttn"  *er»n5 

190 

200 

200 

200 

200 

— 

SI  of  detiSB  tcrttc 

175 

190 

190 

150 

190 

185 

Deptli  of  veil  in  ft 

125 

lie 

lie 

uo 

UO 

115 

<»^  la  c» 

bSO 

tao 

495 

545 

760 

49s 

SUMplpe  ht  in  ft 

1.0 

1.0 

1.5 

2.0 

2,0 

1.5 

la  ft 

3.0 

3.4 

3.6 

n.O 

6.0 

3.6 

in  table  '!.2-b  were  determined  assuming  that  the  ditch  would  be  filled 
(table  42-b). 

8U7.  If  ■‘■he  landside  ditch  is  not  filled,  relief  wells  about  110 
ft  deep  on  |7-  to  250-ft  centers  would  be  required  along  the  toe  of  the 
present  berm.  Between  sta  138/15  and  138/45,  the  computed  spacing  was 
only  50  ft.  However,  it  is  believed  that,  if  wells  are  installed  on 
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o 
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1-5 

1*0 

'-.5 

2.0 

2.0 

1.5 

k.f 

3.0 

^.5 

k.5 

6.0 

••.5 

Si  3d 

Si  Sd 

St  Sd 

St  Sd 

St  Sd 

Si  Sd 

0.5 

o.$ 

0.5 

0.5 

0.5 

0.5 

o.e 

0*5 

0.8 

0.8 

c.s 

0.8 

5.6 

b-0 

5.6 

6.1 

6.8 

5.6 

l>.«0 

990 

830 

806 

5^ 

950 

8.6 

IC.I 

6.8 

6.6 

5.6 

6.6 

loo 

too 

loo 

loo 

100 

•00 

T.3 

10.0 

7.3 

7.3 

7.3 

7.3 

550 

550 

600 

600 

600 

600 

221 

220 

220 

229 

220 

220 

1 oo  75 

X 50 

1 OB  75 

1 OB  75 

l<a75 

1<S!75 

5.1 

5-S 

5.3 

6.0 

7.7 

5.3 

3W 

600 

350 

3W 

X» 

350 

^ At  toe  of  exiotlsf  bent. 

•s  fr^  or  *t  toe  of  leree  proper;  for  deei«s  of  relief  velU  relues  of  • ts  Uble  WS-o  vere 

t Hrorored  above  averace  erouad  rorfacc  eXrratlco  Xtated  above. 


75"*t  centers  in  this  reach  they  will  provide  enough  pressure  relief  and 
seepage  interception  to  safeguard  the  levee  from  underseepage  pressures, 
81(8.  Filling  the  landside  drainage  ditch  to  the  natural  ^ound 
surface  (about  el  219  to  220)  will  increase  the  thickness  of  the  top 
stratum.  However,  such  filling  will  increase  to  some  extent.  In 
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general,  the  c<asnited  and  reccaatended  spacings  for  wells  with  the  ditch 
backfilled  sxe  sli^tly  greater  than  if  the  ditch  were  left  in  existence. 
It  is  estiEated  that  about  600  cu  yd  of  caterial  would  be  reqiiired  to 
fill  the  ditch  per  ICK)  ft  of  levee.  Thus,  if  it  is  decided  to  instaU 
relief  wells,  the  feasibility  of  backfilling  the  ditch  should  be  base'» 
on  its  cost  vs  the  cost  of  additional  wells  with  the  ditch. 

849.  Ccaisideration  also  was  given  to  the  possibility  of  extending 
the  present  landside  berm,  as  the  existing  berm  is  considered  to  be  too 
thin  and  narrow.  In  calculating  the  dimensions  of  a new  berm  (existing 
berm  plus  extension),  the  distances  to  tlie  effective  source  of  seei>age 
and  ccxnputed  width  of  new  berm  were  referred  to  the  toe  of  the  levee 
proper.  The  thickness  of  the  berm  is  that  at  the  toe  of  the  levee  pro^r. 
In  the  design  of  the  berms  it  was  assumed  that  the  existing  drainage 
ditch  would  be  filled.  The  ccmputed  widths  of  the  berm  range  frcaa  abottt 
5CKD  to  15CX)  ft  (see  table  42-b).  However,  a berm  with  a total  width  of 
4(X)  ft  is  considered  adequate  to  insure  the  safety  of  the  levee  against 
underseepage  provided  the  landsiae  drainage  ditch  is  filled.  The  berm 
extension  preferably  sbovild  be  built  of  seaipervious  or  pervious  material. 
It  is  estimated  that  about  4500  cu  yd  of  additional  material  would  be  re- 
quired for  *i.he  berm  and  backfill  in  the  ditch  per  ICX)  ft  of  levee.  Four 
relief  wells  would  be  required  on  about  lOO-  to  I70-ft  centers  between 
sta  138/8  and  138/12  even  if  the  berm  were  extended,  as  seepage  will 
concentrate  in  the  area  of  thin  top  stratum  between  the  toe  of  the  new 
berm  and  the  landside  clay- filled  channel. 

850.  The  most  efficient  method  of  seepage  control  at  Gammon  is 
considered  to  be  either  a line  of  relief  wells  along  the  toe  of  the  pres- 
ent berm,  or  a ccxspacted  clay  blanket  in  the  riverside  borro..’  pits.  Ito 
widen  and  thicken  the  present  landside  berm  and  fill  the  landside  ditch 
would  require  about  the  same  volume  of  material  as  that  required  in  a 
riverside  blanket.  However,  the  haiil  distance  would  be  shorter  for  a 
riverside  blanket  than  for  a berm,  and  the  blanket  material  (clays)  a,p- 
pears  wore  pi-evalent  than  the  sandy  materials  reconmended  for  the  bem. 

If  a riverside  blanket  is  selected  as  the  seepage  control  measure,  the 
borrow  pits  should  be  drained  to  promote  growth  of  willows. 


Ccamerce,  Mississippi 

851.  Substrattaa  pressures  at  Caaserce  can  be  rediaced  to  safe 
values  by  a line  of  relief  veils  free  sta  22/^5  to  23/29*  Fron  sta  22/45 
to  23/25  the  irells  should  be  installed  on  150-ft  centers;  fresa  sta  23/25 
to  23/29  they  should  be  spaced  sonevhat  clc«er,  say  100  to  125  ft,  be- 
cause soil  cotHliticais  vill  cause  seepage  to  concentrate  alcaig  lliis  reach 
of  levee,  fbe  relief  veils  vouM  have  to  be  about  120  ft  deep  at  Cas- 
aerce.  Required  screen  lengths  for  the  veils  and  esttoated  well  flows 
are  stovn  in  table  43. 

852.  In  lieu  of  relief  wells,  an  extensiem  could  be  rsade  to  the 
present  2(X)-ft-wide  laz^ide  bers.  The  bern  extensic»  t^mld  have  to  be 
c«istrvK:ted  of  eiti^r  sand  or  clay  as  sendpervious  isaterials  are  not 
available.  Tbe  designs  and  recosaended  disensiens  of  both  types  of  bern 
extensicsi  are  given,  in  table  43.  Ihe  cceiputed  width  of  a sand  berm  ex- 
tensiai  is  about  4l0  ft;  however,  on  the  basis  of  reascaiing  previously 
expressed,  it  is  believed  that  a 200~tt  extensicn,  %hich  would  result  in 
a total  bera  width  of  4C0  ft,  would  provide  adequate  seepage  control. 

Ihe  sand  berm  extensic®  would  ewatain  about  2(XX)  cu  yd  per  100  ft  of 
levee;  the  sand  would  have  to  be  dredged  free  the  river.  The  ccssputed 
thickness  of  a berm  extension  of  clay  votild  be  more  than  that  of  a sand 
berm  because  a clay  extension  wnild  not  f«mit  seepage  throu^  it  with 
attendant  pressm^  relief.  The  computed  width  of  a clay  berm  extension 
is  about  1(XX)  ft  assximing  no  leakage  throu^  the  berm.  However,  as  a 
bera  extension  200  ft  wide  would  force  the  point  of  seepage  emergence 
about  4<X)  ft  laiyjward  fraa  the  toe  of  the  levee  proper,  a 200-ft  extension 
is  considered  adequate.  Although  not  considered  as  efficient,  a clay  berm 
extension  2<X)  ft  wide  could  be  used  instead  of  a sand  berm  extension. 

The  clays  could  be  obtained  at  the  riverside  edge  of  the  existing  river- 
side borrow  pit  above  el  197  and  from  the  abandoned  levee. 

853.  Pros  sta  23/12  to  23/29,  the  above-described  berm  extensions 
need  only  overlap  by  25  to  50  ft  the  rivorward  edge  of  the  clay-filled 
slou^  iim^diately  landward  of  the  levee.  Thtis,  the  reccaonended  exten- 
sions could  be  shortened  scsKwbat  along  this  reach  of  levee  if  borings 
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axe  rmi^e  to  acoirately  delineate  the  edge  ani  thickness  of  the 
However,  ti^  elavation  of  the  svirface  of  tlK  hern  extension  stould  be 
tl^  saoe  as  given  in  table  U3. 

Trotters  51»  Mississippi 

854.  The  Trotters  51  site  has  been  subdivided  into  four  reaches 
in  designing  control  ceasures. 

Sta  50/0  to  50/26 

655*  Before  seeisage  control  caeasxnres  can  be  designed  for  this 
reach,  additional  borings  are  required  to  better  delineate  ti®  character 
and.  thickness  of  the  top  stratus  along  and  landward  of  the  levee  toe. 

Sta  50/26  to  51/0 

656.  best  setlKxi  of  controlling  seepage  in  this  reach  would 
be  to  backfill  the  sublevee  basin  to  el  184  and  install  a lim  of  relief 
wells  about  ^ ft  deep  on  150-ft  centers  (see  table  44).  material  fr^a 
the  siiblevees  could  be  used  to  fill  the  basins. 

^7*  In  lieu  of  relief  wells,  an  extension  could  be  added  to  tte 
present  landside  bers  to  tie  into  the  thick  natural  top  stralais  absut 
7CX)  ft  free  the  levee  center  line,  or  an  exteiision  of  2C0  to  yX3  ft. 
Bxtet^lng  the  present  bem  without  tieing  into  the  clay-filled  chanr^l 
insediately  lai^braxd  would  only  aggravate  tl^  u»^rseei^ge  probles. 

858.  Construction  of  an  ispervious  or  raiKicsa  bem  extension  to 
tie  into  the  thick  clays  landward  will  create  a practically  iii^rvious 
top  stratasa  II50  ft  wide  frtsa  the  toe  of  the  existing  bers.  In  casting 
tlK  thickr»ss  of  the  bem  extension  it  was  assused  that  tte  i^amst  |X>int 
of  seepa^  exit  wmild  be  at  the  near  edge  of  the  thinD<'r  top  strulass  l^X) 
ft  fros  the  levee  center  line.  Bie  distance  frrai  this  point  to  tte  £X>ur^ 
of  seepage  (s')  would  be  2COO  ft.  Bie  effective  seei^^  exit  (x'^)  for 
tte  top  stmtus  latriward  of  this  x>oint  was  esticated  to  be  ^xjut  ICOO 
ft.  (to  tte  baisis  of  these  assisrptions  aid  values,  t!^  head,  at  project 
flood  sta^,  at  tte  toe  of  the  existing  bem  would  be  £0  ft  above  el  I8I. 
With  = 8.0  ft,  t would  have  to  equal  9*5  ft;,  or  the  top  of  the  berm 
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extension  would  ha^'e  to  be  at  el  I9O.5.  T-'-  determine  the  distance  to 

the  crown  of  the  berm  extension,  additional  borings  should  be  made  to 
locate  the  edge  of  thick  clays  in  the  channel  filling  landward  of  i„ie 
levee.  The  extension  should  overlap  the  edge  of  the  thick  clay  by  50 
ft.  It  is  estimated  that  such  an  extension  would  contain  about  6OOO  to 
10,000  cu  yd  per  100  ft  of  levee. 

859*  If  the  berm  extension  were  constructed  of  sand  it  would  have 
the  same  width  as  mentioned  above  but  its  thickness  could  be  reduced  by 
1 or  2 ft. 

Sta  52/0  to  52/45 

860.  This  reach  is  basically  not  as  critical  with  respect  to 
underseepage  as  that  -^rom  sta  5O/26  to  51/O  because  the  top  stratum  is 
more  uniform  and  geological  features  do  not  concentrate  the  seepage  to 
the  same  extent.  However,  critical  uplift  pressures  are  still  likely  to 
develop.  As  the  top  stratum  along  this  reach  is  relatively  thin,  the 
required  spacing  for  a system  of  relief  wells  Is  100  ft. 

861.  In  lieu  of  relief  wells,  an  extension  to  the  present  landside 
seepage  berm  could  be  built,  al+hough  the  computed  width  of  a semipervious 
berm  extension  that  wovdd  reduce  substratum  pressures  at  the  toe  of  the 
extension  to  tolerable  amounts  would  be  about  1000  ft.  However,  a berm 
extension  of  100  ft  in  width  (total  berm  width  = 3CO  ft)  is  considered 
adequate  for  this  reach  of  levee  because  the  reach  withstood  a river 
stage  within  5 ft  of  the  project  flood  stage  in  1937  and  because  the  top 
stratum  landward  of  the  levee  is  relaxively  thin  and  uniform,  and  the 
maximum  excess  pressure  that  can  develop  is  low.  Such  a berm  extension 
would  contain  about  1200  cu  yd  of  material  per  ICC  ft  of  levee.  The 
above  design  values  are  based  on  borings  made  along  piezometer  line  H 
and  geological  interpretation.  Additional  borings  would  have  to  be  made 
before  the  design  of  any  control  measure  could  be  finalized. 

Sta  52/45  to  53/55 

862.  The  only  additional  seepage  control  measure  recommended  at 
present  is  the  filling  of  the  drainage  ditch  or  construction  of  a gated 
structure  at  the  end  of  the  drainage  ditch  to  insure  impoundment  of 
water  up  to  natural  ground  at  about  el  I83  during  high  river  stages. 
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Trotters  5k,  Mississippi 

863.  At  Trotters  ^k,  it  is  considered  that  either  the  existing 
relief  well  system  should  be  extended  downstream  or  the  landside  berm 
downstream  of  the  wells  should  be  widened.  For  comparative  purposes  de- 
signs for  extension  of  both  the  relief  wells  and  the  existing  berm  are 
given  in  table  l<-5. 

864.  The  required  spacing  for  relief  wells  is  125  ft.  These  wells 
would  start  125  ft  downstream  from  well  30  and  continue  to  about  sta 
54/20.  The  screens  for  the  new  wells  would  be  set  at  about  the  same 
elevations  as  those  of  the  existing  wells. 

865.  An  extension  of  the  landside  berm  would  have  to  be  built  of 
sand  dredged  from  the  river  or  of  clay  borrowed  riverward  of  the  river- 
side edge  of  the  existing  borrow  pits;  semipeinrious  materials  are  not 
available  at  the  site.  As  a sand  extension  is  preferable,  the  design 
for  this  type  berm  is  given  in  table  45.  The  computed  width  of  a sand 
berm  extension  is  660  ft.  However,  a 200-ft  extension  (total  berm  width 
= 400  ft)  is  considered  adeqioate  for  seepage  control.  The  elevations  of 
the  berm  crown  and  slope  are  given  in  table  45.  The  estimated  yardage 
in  the  berm  extension  is  about  2700  cu  yd  of  sand  per  100  ft  of  levee. 

In  the  design  of  the  berm  extension  it  was  assumed  that  the  landside 
drainage  ditch  would  be  filled  with  berm  material  and  any  new  landside 
drainage  ditch  would  not  be  excavated  closer  than  200  or  300  ft  landward 
of  the  berm  extension, 

866.  In  lieu  of  the  above  measures,  a compacted  silt  or  clay 
blanket  3 ft  thick  could  be  placed  in  the  riverside  borrow  pits  and  the 
landside  drainage  ditch  backfilled.  These  measures  would  reduce  substra- 
txmi  pressures  and  the  severity  of  seepage  at  the  project  flood  to  less 
than  that  observed  at  the  crest  of  the  1950  high  water.  It  is  estimated 
that  about  9OCO  cu  yd  of  material  would  be  required  for  this  blanket  per 
ICO  ft  of  levee.  This  material  could  be  obtained  by  degrading  the  aban- 
doned Ic  .'SO  and  from  shallow  borrow  lanaward  of  the  existing  borrow  pit. 
In  order  to  promote  willow  growth  in  the  blanketed  area,  the  existing 
borrow  pits  should  be  provided  with  proper  drainage. 
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Stovall,  Mississippi 


867.  Relief  wells  are  considered  most  applicable  control  measures 
at  Stovall  because  of  the  clay-filled  channels  and  irregular  top  stratum 
landward  of  the  levee  and  hi^  substratvan  pressures  that  develop  during 
high  water. 

868.  Althou^  recommended  well  spacings  are  given  in  table  46 
(a  = 175  to  275  ft),  the  actual  location  of  the  wells  should  be  based 
both  on  geological  features  and  computed  spacings.  The  wells  should  be 
located  at  the  edges  of  and  between  clay-filled  swales  where  seepage  is 
most  likely  to  concentrate  at  the  stations  listed  on  the  following  page. 


Table  U6 

of  Designs  of  Seepage  Control  Measures 


Stovall.  Miss.,  Site 
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77/26+75 

77/45+20 

78/8+70 

77/29+50 

77/47+45 

78/10+70 

77/32+25 

77/49+70 

78/12+70 

77/35+75 

78/2+20 

78/15+20 

77/37+50 

78/4+45 

78/17+70 

77/39+25 

77/41+00 

77/42+75 

78/6+70 

78/20+20 

869.  The  recoimended  veil  spacing  and  penetration  of  well  screens 
at  Stovall  are  somewhat  more  conservative  than  those  obtained  in  the  com- 
putations because  the  past  seepage  record  of  the  site  indicates  that  the 
design  of  any  contro?.  measure  shotiLd  be  conservative. 

Farrell,  Mississippi 

870.  Between  sta  81/IO  and  81/30,  the  landside  top  stratum  is 
relatively  thin  and  uniform  and  it  is  believed  "chat  a landside  seepage 
berm  represents  the  most  satisfactory  control  measure.  If  the  clay  seam 
at  el  lUo  is  continuous  along  this  reach,  a 100-ft-wide  extension  to  the 
present  lEindside  berm  would  be  adequate.  The  extension  shoxild  consist 
of  sand,  as  semipervious  materials  are  not  available  at  the  site.  It  is 
estimated  that  about  750  to  1000  cu  yd  of  sand  would  be  required  for  tlie 
extension  per  100  ft  of  levee.  However,  rather  than  borrow  the  addi- 
tional material  required  for  a berm  extension,  the  necessary  material 
can  be  obtained  by  degrading  the  existing  berm  and  widening  it  to  the 
dimensions  indicated  in  table  47.  It  should  be  noted  that  the  extended 
berm  would  be  only  about  50  ft  wider  than  the  existing  berm  and  consid- 
erably narrower  than  the  extension  recommended  if  the  existing  berm  is 
not  reshaped.  The  need  for  only  a small  increase  in  width  if  the  berm 
is  reshaped  is  due  to  the  fact  that  the  new  berm  will  be  sufficiently 
thin  to  permit  seepage  to  emerge  through  it,  whereas  the  existing  berm 

is  too  thick  to  permit  emergence  of  seepage.  In  the  design  it  was  assumed 
that  the  reshaped  berm  would  act,  in  effect,  as  a silty  sand  berm,  and 
that  the  landside  drainage  ditch  would  be  backfilled  with  excess  material 
removed  from  the  existing  berm.  It  should  also  be  noted  that  if  the  clay 
seam  at  el  l40  is  continuous,  the  combined  thickness  of  soil  above  the 
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Su—try  of  Pe«lBH  of  Seepw  Ccotrol  tte>»ure» 


TtoreU.  Site 


Stationing  of  Beach 

Itn 

81/16-01/36 

0I/16-3I/3O 

81/16-81/30* 

81/36-81/42  81/42-81/48  B1/48-82A3 

Deslpi  Factors 

h_  in  ft 

5.0 

7.0** 

12.1 

14.7 

16.9 

13.7 

H in  ft 

26.5 

26.5 

26.5 

28.1 

26.1 

26.1 

s in  ft 

575t 

375** 

575» 

1000 

1000 

900 

Xj  in  ft 

135 

135 

485 

UOO 

1500 

1000 

in  ft 

3.0 

3.0 

3.0 

7.0 

16.0 

10.0 

d in  ft 

20tt 

20tt 

70 

70 

70 

70 

kj  in  10”^  ca/sec 

300tt 

300tt 

1000 

1000 

1000 

too 

Avg  ground 

165.6s 

165.6s 

165.6s 

164.0 

164.0 

166.0 

in  ft 

- 

e 

m 

m 

m 

M 

in  gpa/100  ft 

32 

— 

— 

— 

— 

— 

Belief  Vella 

i^  (toe  of  extsting  ben) 

0.6 

0.6 

0.6 

0.6 

h^  in  ft 

1.8 

4.2 

9.6 

6.0 

Coaputed  spacing  in  ft 

45 

140 

>300 

220 

Btcoaaended  spacing  in  ft 

75 

150 

325 

220 

V in  ft 

Uo 

40 

40 

40 

El  top  Of  "cxtn”  screen 

— 

.... 

— 

£1  top  of  design  screen 

135 

125 

125 

135 

Depth  of  veU  in  ft 

70 

80 

80 

70 

0^  in  gpa 

300 

315 

520 

600 

Standpipe  ht  in  ft 

0.5 

1.5 

4.0 

2.0 

in  ft 

> 2.4 

4.5 

7.9 

6.0 

Seepage  Ben 

Type 

1 (toe  of  levee  or 
existing  ben) 

Sand 

Extension 

0.60t 

Si  SdSS 
0.5** 

Sand 

Extension5 

0.60t 

1^  (toe  of  nev  ben) 

0.80 

0.80 

0.80 

h^  in  ft  (toe  of  nev  ben) 

2.4 

2.4 

2.4 

Co^iuted  X in  ft** 

310 

210 

1040 

Coagnited  width  of  ben 
extension  in  ft* 

110 

— 

840 

Coagntted  t in  ft 

2.3t 

4.7** 

6.4t 

Til  1 M mil  il  X in  ft** 

300 

210 

400 

Beeoaaended  approx  t in  ft55  3*0 

5.2 

4.3 

Distance  froa  center  line 
levee  to  ben  crown 

475 

400 

575 

El  ben  crown 

169.0 

169.0 

169.0 

Ben  slope 

1 cm  50 

1 on  50 

1 on  60 

h'  - t in  ft 

2.5 

3.4 

3.7 

in  gpa/’ TO  ft 

29 

37 

210 

* necjBKnded  BCMurts  if  clay  seas  at  el  lltO  ia  ziot  eoatinvwua  al  o«  tbe  leach. 

*•  Meaaured  at  or  ftos  toe  of  levee  proper, 
t Meaaured  at  or  froa  toe  of  exiatiug  term, 
tt  Thletavesa  and  peraeablllty  of  aquifer  above  clay  aeaa  at  el  iM). 

« For  design  of  betas  average  grota^  taken  as  el  l68,0,  as  landstde  lov  area  vould  be  covered  by  beta 
and  landside  ditch  vould  be  backfilled. 

St  Total  ben  If  existing  beta  is  degraded. 

S Design  of  ben  baaed  on  z ■ 6,0  ft  and  x,  ■ 690  ft,  l.e.,  conditions  at  toe  of  cosqiuted  ben. 

55  Abc.e  el  I68.O.  * 
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clay  seam  is  considered  sufficient  to  withstand  substratum  pressures  de- 
veloping at  the  base  of  the  seam,  and  control  neasures  in  addition  to 
those  described  above  are  not  necessary. 

871.  Should  the  clay  seam  not  be  continuous  along  the  reach,  the 
effective  aquifer  thickness  is  then  about  70  ft  instead  of  20  ft  and  the 
computed  width  of  a sand  berm  extension  would  be  about  8OO  ft.  However, 
it  is  believed  that  a 200-ft-wide  extension,  or  a total  berm  width  of 
400  ft,  would  suffice  for  this  condition. 

872.  Relief  wells  coxild  be  installed  in  lieu  of  the  berm  exten- 
sion. The  computed  spacing  required  for  the  wells  is  about  45  ft  if  the 
clay  seam  is  not  present;  however,  it  is  believed  that  wells  spaced  on 
abovet  75-ft  centers  would  intercept  sxofficient  seepage  to  insure  the 
safety  of  the  levee  against  piping.  The  continuity  of  the  clay  seam  at 
el  l40  should  be  checked  along  the  reach  of  levee  between  sta  81/IO  and 
81/30  before  the  design  of  any  seepage  control  meas\ire  is  finalized. 

873.  Downstream  from  sta  81/3O  the  top  stratum  is  comprised  of 

point  bar  ridge  and  swale  deposits.  A line  of  relief  wells  about  70  to 
80  ft  deep  would  be  the  most  satisfactory  method  of  seepage  control  along 
this  reach.  The  suggested  well  spacings  eind  elevations  of  well  screens 
in  this  re€w:h  are  given  in  table  47.  For  most  efficient  seepage  control, 
the  wells  should  be  spaced,  with  conside:L..wlon  to  the  geologic  and 

topographic  featxires,  approximately  as  followc- 

81/30+00  81/36+00  8l/’:7+00  82/5+20 


81/31+50 

81/33+00 

81/34+50 


81/37+50 

81/39+00 

81/40+50 

81/43+75 


8l/4'.,00 

81/51+00 

82/0+80 

82/3+00 


82/7+40 

82/9+60 

82/11+80 

82/14+00 


Upper  Francis,  Mississippi 


874.  As  the  top  stratum  landward  of  the  levee  is  rather  thick  and 
ingpervious,  pressure  relief  can  be  achieved  most  readily  at  Upper  Francis 
by  relief  wells  along  the  toe  of  the  present  berm.  The  well  spacing 
recomuended  is  3OO  ft,  €is  shown  in  table  48. 

875*  A riverside  blanket  would  be  of  no  benefit  at  this  site  as 


Table  48 

Sunanary  of  Designs  of  Seepage  Contro  Measures 
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Upper  Francis,  Miss.,  Bit' 


Item 

.atioui 
i i-47 

.ag  of  Reach 
47-60 

Design  Factors 

h in  ft 
o 

19.9 

12.4 

H in  ft 

25.0 

27.0 

E in  ft 

1500 

1700 

x^  in  ft 

1950 

1450 

in  ft 

16 

12 

d in  f t 

125 

115 

-4  / 

in  10  cm/sec 

l4oo 

1400 

Avg  ground 

160.0 

158.0 

in  ft 

00 

5000 

Qg  in  gpnt/lOO  ft 

185 

200 

Relief  Wells 

i 

a 

0.6 

0.6 

h in  ft 
a 

9.6 

7.2 

Computed  spacing  in  ft 

>300 

>300 

Recoirmended  spacing 

300 

300 

W in  ft 

75 

70 

El  top  of  "extra"  screen 

— 

110 

El  top  of  design  screen 

110 

100 

Depth  of  well  in  ft 

128 

128 

in  gpm 

850 

780 

Standpipe  ht  in  ft 

3.0 

3.0 

H in  ft 

ZD 

6.0» 

5.5* ** 

* Inclvdes  an  extra  0.?-ft  friction  loss  in  well  becavise  of  hig^  . 

**  Includes  an  extra  0.5-ft  friction  loss  in  well  because  of  hi^  . 
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the  existing  borrow  pits  are  presently  blanketed  with  an  adequate  thick- 
ness of  clay.  The  primary  sotirce  of  seepage  at  Upper  Francis  is  believed 
to  be  throu^  the  natural  top  stratum  riverward  of  the  borrow  pit. 

876.  An  extension  to  the  existing  seepage  berm  is  not  considered 
practical  because  of  the  comparatively  thick  and  impervious  to(P  strattma 
which  tends  to  cause  development  of  high  vgalift  pressures  for  considerable 
distances  landward  of  the  levee.  Extension  of  the  present  berm  would 
thicken  the  top  stratum  but  woxild  not  provide  pressure  relief.  (In  areas 
where  the  top  stratum  is  relatively  thick  but  critical  uplift  pressures 
still  develop,  the  most  efficient  control  measure  is  considered  to  be 
relief  wells.) 

Lover  Francis,  Mississippi 


877 • Between  sta  l4o  '•nd  150  where  the  clay-filled  channel  is 
close  to  the  levee  and  tends  to  concentrate  seepage,  it  is  recommended 
that  a line  of  relief  wells  about  ICX)  ft  deep  be  installed  along  the  toe 
of  the  berm.  The  wells  should  be  spaced  on  I50-  to  75-ft  centers  at 
locations  given  below.  The  spacing  would  be  progressively  decreased  as 
the  d.~stance  from  the  levee  to  the  clay-filled  channel  becomes  less  and 
seepage  becomes  more  concentrated. 

140+50  147+50 


140+50 

142+00 

143+50 

145+00 

146+25 


148+50 

14^25 

150+00 


878*  Upstream  from  sta  140+50  the  existing  berm  is  thicker  than 
necessary  but  is  considered  too  narrow.  Therefore  it  is  recomn^nded 
that  this  berm  be  degraded  to  the  dinensions  indicated  in  table  49.  The 
existing  berm  contains  sufficient  material  for  the  -wider  and  thinner 
berm  and  no  other  borrow  is  considered  necessary. 

879*  For  comparative  purposes,  dimensions  of  an  extension  to  the 
existing  berm,  if  the  berm  is  not  reshaped,  are  given  in  table  49.  Such 
an  extension  would  contain  about  26CO  cu  yd  of  sand  per  100  ft  of  levee. 
The  sand  probably  would  have  to  be  dredged  from  the  river.  As  this 


!IUt>le  1*9 

of  Secpane  Control  j^««ure« 


flfii'y  of  De«ligi» 

Lower  rr«nel».  HIM.,  Site 


Stationing  of  Reach 


Itea 

ll's/O-lSTo" 

122/0-140/5" 

i40/0-150/0 

122/0-140/5 

Design  ?actors 

la  ft 

8.7* 

9.0* 

10.2** 

7.3** 

7.7** 

« in  f t 

27.1 

28.6 

28.6 

27.1 

^.6 

s la  f t 

TOO* 

800* 

1100** 

900** 

1000** 

Xj  in  f t 

330 

370 

610 

330 

370 

"t  ^ 

3-5 

**.5 

6.0 

3.5 

4.5 

d la  f t 

135 

135 

135 

135 

135 

in  10  cVsec 

l£00 

1600 

1600 

1600 

1600 

Avg  ground 

155.5 

15**.0 

154.0 

155.5 

154.0 

Lj  la  f t 

1000** 

800«* 

600** 

1000** 

8oo«* 

Q,  la  gpa/lOO  ft 

— 

790 

675 

— 

790 

Relief  Wells 

h and  H in  ft 

0.6 

^.6 

AS 

Coaqputed  apulng  in  ft 
Recoaaeoded  spacing 
W la  ft 

El  top  of  "extra"  screen 
El  top  of  deaign  screen 
Depth  of  veU  In  ft 
in  gpa 

Standpipe  ht  in  ft 
Seepa^  Sera 

Condition  Itt 

l4o 

135T 

80 

135 

100 

790 

1.5 

Condit 

Ion  2* 

Type 

Sand 

Sand 

— 

Sand 

Sazxi 

1_  (toe  of  levee  or 

0.5* 

0.5* 

..... 

0.6<»* 

0.6«* 

esdatlng  bera) 

i (toe  of  new  bera) 

o.e* 

0.8 

— 

0.9 

0.8 

h^  in  ft  (toe  of  new  bera) 

2.8 

3.6 

— 

2.8 

3.6 

CoiQuted  X in  ft* 

525 

450 

— 

635 

560 

Coaputed  width  of  bera 

— 

.... 

435** 

360** 

extension  in  ft 

Cc^nited  t in  ft 

5.7* 

5.5* 

— 

4.1** 

3*T** 

Becoasended  X in  ft* 

1*00 

1*00 

— 

400 

400 

TV  1 11  iiilril  approx  t in  ft 

7.2* 

7.7* 

— 

4.2** 

4.7<* 

Distance  froa  center  line 

600 

600 

.... 

600 

600 

levee  to  bera  crown 

El  bera  crown 

157-0 

156.0 

— 

157.0 

156.0 

Bera  sl<^ 

1 on  70 

1 on  70 

— 

1 on  75 

1 on  75 

h'  - t in  ft 

3.8* 

4.2* 

— 

3.0** 

3.1** 

a,  in  gpa/100  ft 

715 

735 

— 

715 

735 

* Measured  frees  or  at  toe  of  levee  proper. 

•*  Measured  free  or  at  toe  of  existing  beia. 

t Between  sta  lb0»50  and  150«00  the  well  spacing  should  be  reduced  gradually  fros  ISO  ft  to  7S  f^> 
ft  Retpiired  tera  if  existing  bera  Is  partially  degraded. 

* Sand  extensira  if  existing  bera  is  not  restaped. 


extension  reqtxires  procurement  of  additional  material  it  is  not  reccan- 
rended. 

8&).  Summarizing,  it  is  believed  that  9 relief  wells  should  be  in- 
stalled along  the  toe  of  the  existing  berm  between  about  sta  l40  and  I50, 
and  that  upstream  from  sta  l4o  the  existing  berm  should  be  degraded  and 
reshaped  as  indicated  in  table  49. 

Bolivar,  Mississippi 

881.  Additional  control  measures  reccszcended  at  Bolivar  are  a Jdne 
of  relief  wells  along  the  levee  toe  or  a landside  berm.  Designs  of  these 
measures  are  sunanarized  in  table  50. 

882.  To  instire  adequate  relief  of  pressure  landward  of  the  levee, 

a line  of  relief  wells  spaced  on  centers  would  be  required  along 

the  levee  toe  between  sta  2190  and  2220.  The  wells  should  be  about  ICO 
ft  deep. 

883.  In  lieu  of  relief  wells,  a landside  berm  could  be  constructed 
Although  a berm  covdd  be  bvdlt  of  clays  and  silts  obtained  at  above  el 
140  at  the  riverside  edge  of  the  existing  borrow  pits,  such  a berm  would 
require  considerably  more  material  than  a sand  berm  and  would  not  be  as 
efficient.  Therefore,  a berm  built  of  sand  dredged  from  the  river  would 
appear  to  be  more  practical.  The  din^nsions  of  the  sand  berm  are  given 
in  table  50.  The  crown  of  the  berm  would  be  located  along  the  landside 
sublevee;  therefore,  construction  of  the  berm  would  consist  essentially 
of  filling  the  existing  sublevee  basins,  thus  reinforcing  the  top  stratum 
The  berm  would  have  a width  of  about  250  to  300  ft  and  contain  about  5500 
cu  yd  of  material  per  100  ft  of  levee.  The  berm  probably  could  be  placeu 
by  hydraulic  methods  and  the  existing  sublevee  used  as  a retaining  dike. 
The  sublevee  wovild  later  be  degraded  to  the  top  of  the  berm. 

884.  Even  if  a landside  berm  is  constructed  at  Bolivar,  three  re- 
lief wells  on  about  ICO-ft  centers  should  be  placed  along  the  toe  of  the 
new  berm  between  sta  2193+50  and  2195+50,  because  a thick  clsy-filled 
channel  would  create  a potentially  hazardous  situation  along  the  toe  of 
the  new  benn  between  these  levee  stations. 


Table  50 
of  Seepu 


Si— ts?'  of  SeslgBs  of  Seepage  Control  Measures 
BoUrar.  Hlsa.,  Site 

Static 


It«» 

Rwtora 


b„  la  ft 
o 

H in  ft 
s ia  ft 
la  ft 
ia  ft 
d la  ft 
ky  la  10' 


ky  la  10  ca/aee 
Avg  gr»a>d  or  tailaate: 
la  ft 

la  spa/lOO  ft 


BeUef  Hells 


la  ft 

C(— rt«d  spacing  la  ft 
Beer— ’L?fd  spaclag 
S ia  ft 

El  t<g>  of  "extra"  screen 
El  t<9  of  design  screea 
Depth  of  veil  la  ft 
Qy  i=  6J* 

Staodplpe  ht  la  ft 
H la  ft 


1^  {toe  of  levee) 

Ij  (toe  of  cev  bens) 
b^  ia  ft  (toe  of  aev  ^is) 
Ccaq^ted  X la  i 
Coe^sited  t la  ft 
Beccaecded  X In  ft 
Becoeeaded  approx  t la  ft 

Distance  free  center  line 
levee  to  bera  crovn 

El  beis  crovn 

Bess  slope 

h'  - t in  ft 


of  Beach 


in  gis/100  ft 


12.2 

9.8 

26.2 

26.2 

500 

500 

350 

7.0 

6.0 

90 

90 

1200 

1200 

IM.O 

IM.O 

500 

- 

520 

620 

0.5 

0.5 

3.5 

3.0 

75 

75 

75 

55 

55 

95 

95 

100 

100 

kSi 

390 

i-5 

1.5 

3-5 

i.h 

Sasl 

Sasl 

0.5 

0.5 

0.8 

0.8 

5-6 

k.8 

290 

2?0 

5-5* 

5.1* 

250  to  ^ 

250  to  300 

e.5« 

7.5** 

’75 

^75 

lfe2.0 

iba.o 

1 on  50 

1 on  50 

53 

b.2 

«5 

Note;  If  laisdside  beta  is  constructed  three  veils  on  lOO-f 
stalled  along  tl^  bem  toe  betsa.*es  sta  21^3  asid  21^. 
• Above  cl  Ibl.O. 

A^sve  graund  surface  at  toe  of  levee . 


centers  sl^uld  te 


Eutaw,  Mlsslssiirpi 


885.  It  is  difficult  to  design  wi-Oi  exactitisde  ccsrti^l  tseasures 
for  tl^  levee  at  Eutav,  becax:se  of  irregularities  in  ground  elevation 
and  the  type  and  thickness  of  top  stratisn  landward  of  the  seepage  bem. 

E»st  practical  solution  appears  to  oe  the  ccxistnicticfl  sublewes 
across  the  old  sloti^  at  sta  2^0  az^  29OO  and  on  the  laMside  hi^  bank 
of  ta^  slou^  to  an  elevation  (l4o)  that  will  perait  ir^sui^ing  water  vp 
to  el  138.0  (table  51)*  IffipovsKiing  water  to  this  elevaticm  's^nild  redtuze 
estimated  laaxligua  net  i:^>lift  beneath  the  slou^  to  axKnrt  7 or  8 ft, 
which  should  be  safe.  Bie  sublevee  basin  should  be  provided  with  the 
us\^  control  gates  and  taved  overflow  spillways  siiu:e  it  is  estimted 
that  atKJut  25  gpa  of  seepa^  water  will  enter  the  sublevee  basin  per  100 
ft  of  levee  at  the  project  flo<^. 

A potentially  cxdtical  lasderseepage  area  would  still  exist 
iQjstreaa  of  sta  2840  (t5streas  eM  of  existing  ber^)  as  Ihs  sublevee 
would  not  iigxjund  water  over  Ihe  area.,  and  a very  thin  ax^  izarrov  reach 
of  top  strati®  exists  between  -the  levee  tee  and  imsch  thicker  landiraid 
t<®  strati®.  Either  a relief  systea  or  a bem  ccgnhined  with  the 
sublevee  described  above  is  considered  necessary  alcag  this  reach. 

887.  Ihe  diaensicxis  of  a sesipervious  bem  are  given  in  table  51* 
Biis  bera  lamild  cover  the  thin  top  strati®  between  the  tevee  and  land- 
side  slou^  ai^  was  designed  to  protect  the  thin  t<ro  stmtis  cwly.  It 
s!»uM  be  noted  that  this  beia  is  sc®ewhat  thinner  than  11^  existing  bera 
downstream  frt®  sta  2840;  hoirever,  the  latter  l«m  is  Ihicter  than 
necessary. 

^8.  In  lieu  of  a t^ra,  relief  i^Us  about  88  ft  deep  <m  100-ft 
centers  could  be  installed  al<ag  the  t<^  of  the  levee  i:^'taesa  frtxs  sta 
284o.  It  is  pointed  out  that  soils  data  for  the  reach  i^treaa  of  sta 
2&iQ  are  scaeihat  United;  therefore,  these  ccatrol  neaswres  should  not 
.be  installed  until  additional  soils  data  and  geological  inforaati<m  aie 
obtained  and  the  above  desimis  are  reviewed. 


It«x 

fkctcrs 


51 

jy  of  ISeaSga  of  Se«?«ae  Ctetrol  Weausse* 
m—..  sit« 

StatleoiE 

t*^icax  of  asm 


k,  la  10*^  ca/<«c 
grouse 
la  ft 

la  s^a/100  fa 


Qa^etcs  a?oelac  la  ft 

Sis  ft 

S,  cT  "ertr»“  »ese«a 
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practicable  spacing  for  relief  wells  is  considered  to  be  about  300  ft, 
this  spacing  is  recomn:ended.  The  elevations  of  the  well  screens  and 
estiisated  well  flows  are  given  in  table  52. 

890.  A seepage  berm  is  not  considered  a practical  method  of  reduc- 
ing substratum  pressures  along  this  reach  of  levee  because  of  the  thick- 
ness and  iEoperviousness  of  the  top  stratum. 

891.  Data  available  are  not  cdequate  to  design  seepage  control 
measures  for  tno  levee  downstream  of  sta  3552. 


Hole-in-the-V/all,  Louisiana 


892.  It  is  believed  that  either  the  present  seepage  berm  should 
be  widened  or  a line  of  relief  wells  installed  along  the  toe  of  the  berm 
to  insure  the  safety  of  the  levee  at  Hole-in-the-V/all. 

893.  The  computed  well  spacing  along  this  site  varies  from  about 
125  to  250  ft  (see  table  53)*  The  wells  should  be  about  105  ft  deep. 

894.  The  present  landside  seepage  berm  could  be  extended  to  pro- 
vide adequate  protection  to  the  levee.  The  computed  required  extension 
is  about  350  to  430  ft  (see  table  53).  However,  it  is  believed  that  a 
125-ft  extension,  or  total  berm  width  of  350  -ft,  would  be  adequate.  The 
extension  should  consist  of  silty  sand  or  sand  obtained  riverward  of  the 
levee  and  would  contain  about  1000  cu  yd  of  material  per  100  ft  of  levee. 
Material  for  the  berm  extension  should  be  obtained  riverward  of  the  exist- 
ing borrow  pit;  otherwise  the  distance  to  the  source  of  seepage  may  be 
decreasea  and  the  control  measures  recommended  wo  Id  not  be  adequate. 


lable  53 
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I’ART  X:  SUMMARY  OF  RESULTS 

895*  The  resialts  of  the  field,  laboratory  and  office  studies  com- 
prising the  investigation  are  summarized  in  the  following  paragraphs. 


Geology  of  the  Lower  Mssissippi  River  Valley 
and  Its  Influence  on  Underseepage 


896.  The  alluvial  valley  of  the  Lower  Mississippi  River  is  filled 
with  a series  of  sandy  gravels,  sands,  silts,  and  clays  that  can  be 
grouped  into  two  broad  units:  (a)  the  sand  and  gravel  substratvim,  and 

(b)  the  fine-grained  top  stratum.  The  alluvial  materials  are  generally 
underlain  by  relatively  impervious  Tertiary  marine  deposits.  Above 
Baton  Rouge,  sand  substratum  is  q^uite  pervioxis  and  ranges  in  thickness 
from  about  75  to  I50  ft.  The  top  stratvan  usually  is  about  5 to  20  ft 
thick  except  where  backswamp  deposits  or  clay-filled  channels  exist. 
Geological  studies  showed  a definite  correlation  between  the  distribu- 
tion of  alluvial  deposits  of  sand,  silt,  and  clay  and  the  location  and 
occurrence  of  underseepage  and  sand  boils.  The  actual  location  of  seep- 
age and  sand  boils  is  commonly  influenced  by:  (a)  configuration  of 

geological  features,  such  as  swale  fillings  and  clay  plugs,  and  their 
relation  to  the  levee;  (b)  characteristics  and  thickness  of  the  landside 
top  stratum;  (c)  cracks,  fissures,  holes,  ditches,  etc.,  formed  by  natural 
causes,  man,  or  animals. 

Occxurrence  and  Analysis  of  Underseepage 


Development  of  under- 
seepage  and  sand  boils 

897.  Whenever  a levee  is  subjected  to  a differential  hydrostatic 
head  of  water  as  a result  of  river  stages  higher  than  the  surrounding 
land,  seepage  enters  the  pervious  substratum  through  the  bed  of  the  river, 
riverside  borrow  pits,  and/or  the  riverside  top  stratum,  and  creates  an 
artesian  head  and  hydraulic  gradient  in  the  sand  stratum  under  the 
levee.  This  gradient  causes  a flow  of  seepage  beneath  the  levee  and 
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the  development  of  excess  pressures  landward  thereof.  If  the  hydrostatic 
pressure  in  the  pervious  substratum  landward  of  the  levee  becomes  greeter 
than  the  submerged  weight  of  the  top  stratim,  the  excess  pressure  will 
cause  heaving  of  the  top  blanket,  or  will  cause  it  to  rupture  at  one  or 
more  weak  spots  with  a resulting  concentration  of  seepage  flow  in  the 
form  of  sand  boils. 

898.  In  nature,  seepage  ustially  concentrates  along  the  lands ide  toe 
of  the  levee,  at  thin  or  weak  spots  in  the  top  stratum,  and  adjacent  to 
clay- filled  swales  or  channels.  Where  seepage  is  concentrated  to  the 
extent  that  tia'bulent  flow  is  created,  the  flow  will  cause  erosion  in 

the  top  stratum  and  development  of  a channel  down  into  the  mderlying 
silts  and  fine  sands  which  frequently  exist  immediately  beneath  the  top 
stratum.  Not  only  are  excessively  high  substratum  pressures  and  under- 
seepage a hazard  from  the  standpoint  of  mdergrovmd  erosion  but  they  may 
also  satvurate  and  reduce  the  stability  of  the  landside  slope  of  a levee. 

899.  A number  of  levee  crevasses  have  occuirred  as  a result  of  sand 
boils,  and  it  is  possible  that  other  crevasses  would  have  occurred  as  the 
result  of  tmderseepage  had  not  determined  efforts  been  made  to  hold  the 
levees . 

900.  Whether  or  not  a specific  levee  will  be  crevassed  as  a result 
of  critical  substratum  pressures  and  concentrated  seepage  in  the  form  of 
sand  boils  or  piping  is  practically  impossible  to  predict.  However,  ex- 
cessive substratum  pressures  aiid  active  sand  boils  are  potential  hazairds 
to  the  safety  of  a levee.  The  partial  formation  of  pipes  under  a levee 
can  resvilt  in  progressive  collapse  of  whe  soil  and  accelerated  erosion 
which  may  ultimately  cause  a blovfout  unless  control  measures  are  con- 
structed. 

Computation  of  seepage 
flow  and  substratm  pressures 

901.  Seepage  flow  and  hydrostatic  heads  landward  of  a levee  can  be 
estimated  frcm  seepage  formulas  and/or  piezometric  data,  and  a knowledge 
of  the  top  stratum  characteristics  both  riverward  and  lajidward  of  the 
levee,  and  of  the  pervious  substratum.  However,  the  accuracy  of  results 
obtained  from  such  formulas  is  dependent  on  the  applicability  of  the 
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formula  to  the  condition  being  analyzed^  the  uniformity  of  soil  condi- 
tions, and  evaluation  of  the  various  factors  involved  in  the  computations. 

902.  Methods  of  determining  the  factors  and  characteristics  of  the 
foxmdatJon  necessary  for  making  seepage  analyses  include  surveys,  field 
explorations,  laboratory  tests,  field  pumping  tests,  and  piezometers. 
^^etho■^s  of  arriving  at  nunarlcal  values  of  these  factors  are  summarized 
below. 

a.  Length  of  top  stratum  landward  of  levee.  This  factor  is  usu- 
ally considered  to  be  infinite  tmless  changes  in  geology  or 
topography  limit  the  emergence  of  seepage  to  a definite  area. 
The  distance  to  such  a block  created  by  high  ground  or  a wide 
clay-filled  slough  can  be  ascertained  from  field  reconnaissance, 
geological  studies,  aerial  mosaics,  borings,  and/or  topographic 
maps. 

b.  Slope  of  hydraulic  grade  line  beneath  levee.  This  can  best  be 
determined  from  piezometers  located  beneath  the  levee  where 
the  seepage  flow  lines  are  essentially  horizontal  and  the  equi- 
potential  lines  vertical.  The  hydraulic  grade  line  as  dete**- 
mined  in  the  field  from  piezometer  readings  is  the  most 
reliable  method  for  determining  the  effective  seepage  entrance 
and  exit  and  is  of  use  in  computing  the  quantity  of  seepage 
passing  beneath  the  levee. 

c.  Effective  thickness  and  permeability  of  top  stratum.  The 
thickness  of  the  top  stratum  both  riverward  and  landward  of 

a levee  is  usually  determined  by  auger  borings.  Borings  should 
be  made  to  delineate  the  thickness  and  extent  of  any  geological 
feature  within  5OO  ft  landward  of  the  levee  toe  that  may 
significantly  affect  the  seepage  analysis.  The  thickness  of 
the  top  stratvan  in  the  bottom  of  land’-^rd  ditches  should  also 
be  determined.  Where  the  thickness  of  the  riverward  top  stra- 
tum has  been  reduced  by  borrow  pits,  the  thickness  of  any  re- 
maining blanket  should  be  determined  by  shallow  borings  or 
estimated  from  landside  borings  and  the  elevation  of  the  bottom 
of  the  pits. 

The  vertical  permeability  of  the  landward  top  stratum  can  prob- 
ably best  be  determined  from  observed  hydrostatic  heads  beneath 
the  lanoslde  top  stratm  together  with  seepage  measurements. 

The  permeability  of  the  top  blanket  can  also  be  computed  from 
known  characteristics  of  the  pervious  foundation  and  the  effec- 
tive seepage  exit  as  determined  from  the  hydraulic  grade  line 
in  the  pervious  foundation  beneath  the  levee. 

Vhere  borrow  pits,  ditches,  or  channels  exist  within  200  to 
300  ft  of  the  landside  levee  toe,  the  thickness  of  top  stratum 
used  in  computing  seepage  flows  and  substratum  pressures  should 
be  based  on  the  thickness  of  the  top  blanket  adjacent  to  the 


ditch,  tmless  the  ditch  or  borrow  pit  is  very  wide.  The  allow- 
able critical  siibstratton  pressure  should  be  confuted  Tor  both 
the  thickness  of  the  top  stratum  at  the  toe  of  tho.  levee  and 
at  tlffi  bottom  of  the  ditch. 

Effective  thickness  and  permeability  of  pervious  substratum. 

The  effective  thickness  of  the  pervious  ?iubstratum,  i.e.,  the 
thickness  of  the  principal  seepage -curry Jug  sand  stratum  below 
the  top  stratum  and  above  the  bottom  of  thfc  entrenched  valley, 
may  be  determined  by  deep  borings  or  a eombination  of  shallow 
borings  and  seismic  or  electrics!  resistivity  surveys.  Its 
average  horizontal  permeability  can  b-st  >ie  determined  by 
pumping  tests  on  a well  fully  pcnetra-^ing  he  pervious  aquifer. 
The  permeability  of  individ”al  sand  strat  can  be  determined 
by  measuring  the  well  flow  in  ^iureen  et  the  boundary  of 
the  sand  stratum  being  tested.  Ttt  a\'erage  rorisontal  perme- 
ability of  the  pervious  aquifer  can  also  1-e  determined  from 
pumping  tests  on  partially  peiiDtrating  velle  using  data  from 
piezometers  located  some  dlctauce  from  the  well  where  the  flow 
lines  to  the  wel  L are  essentially  Liorl'-oatal.  When  the  perme- 
ability of  the  7>ervious  aquifer  cannot  bo  determined  from 
pumping  tests  can  bfe  ^sstinated  from  a correlation  of  the 
effective  grain  saae  and  pcrmLioility  of  the  verio\is  sand 
strata. 

Pumping  tests  show  tfeat  the  . tual  horizontal  permeability  of 
a sand  stratvmi  in  the  Kissist'lppi  River  -'alloy  is  usually  two 
to  four  times  greeter  than  that  indltAted  by  lebozatory  perme- 
ability t«sta  O’"  remolded  sa:  pies,  Cbc  average  horizontal 
permeability  of  the  peivicus  siratc  be,;3ath  the  levee  can  also 
be  estlnatsfi  f'Xj  the  bydrarlic  crade  line  bei  -ath  the  levee 
and  seepage  passing  b'V'eaih  the  levee, 

e.  Effective  ^ource  of  seepage  eptry^  The  best  and  most  accurate 
method  for  detferttinins  -vhe  '’tst.^nce  from  the  landside  levee  toe 
to  the  effective  sev-'ce  of  b^epage  entry  is  to  project  on  a 
s'',reight  line  ths  hydraulic  grade  line  beneath  the  levee  until 
it  intersects  the  tlver  stage  producing  the  gradient.  However, 
this  aeH>od  is  not  valid  unless  the  pervious  stratum  beneath 
tbfe  levee  is  saturated  cuid  artoalan  flow  is  established.  The 
distance  to  the  effective  sS’urcc  of  seepage  entry  also  may  be 
estimated  from  seepage  formclss  and  the  characteristics  of  the 
riverside  top  stratum  nnd  pjrvious  substratum. 

f . Distance  frean  Jandsioe  Ir  'ee  toe  to  effective  seepage  exit  may 
best  be  d'-tevavaed  by  pro  jewing  the  hydraulic  grade  line  be- 
neath the  le'’eo  landward  until  it  Intersects  the  ground  surface 
or  tailwaten.  It  may  algo  be  estimated  from  seepage  formulas 
and  the  chart cteristics  of  the  landside  top  stratum  and  per- 
vious substratum. 

g.  Critical  gradlont.  The  critical  gradient  required  to  cause 
sand  bolls,  or  heaving  or  flotation  of  the  top  stratum,  is 


the  ratio  of  the  unit  weight  of  suhinerged  soil  comprising  the 
top  stratxan  to  the  unit  weight  of  water.  The  theoretical 
critical  gradient  for  most  top  stratxan  soils  is  about  0.80 
to  0.85.  The  critical  gradient  required  to  cause  sand  boils 
can  best  be  determined  in  the  field  by  noting  the  hydrostatic 
head  beneath  the  top  stratimi  at  the  time  sand  boils  first 
appear. 


Investigation  of  Underseepage  at  Piezometer  Sites 


903.  Sites  were  selected  for  study  where  a maximum  amount  of  sub- 
surface exploration  already  had  be-in  made  and  where  a wide  range  of  repre- 
sentative geological  and  top  stratum  conditions  exists.  At  some  of  the 
sites  no  underseepage  had  occurred  and  at  others  seepage  and  sand  boils 
had  been  n serious  problem  during  the  1937  high  water. 

904.  The  an£0.yses  of  seepage  and  piezcmetric  data  for  each  site  in- 
cluded determination  of  the:  distance  to  the  Mississiiipi  River  and  length 

of  the  landside  top  stratumj  condition  and  size  of  riverside  borrow  pits; 
effective  thickness  and  permeability  of  pervious  su'^stratum  and  landside 
top  stratum;  effective  -seepage  source  and  exit;  seepage  flow  beneath  the 
levee;  substratum  pressvires  land-ward  of  the  levee;  and  hydraulic  gradi- 
ents beneath  and  landward  of  the  levee  diiring  high  water.  Predictions 
were  made  as  to  substratum  pressures  and  hydraulic  gradients  to  be  ex- 
pected at  project  flood  s-tages.  Such  predictions  were  based  on 
theoretical  formulas,  extrapolation  of  observed  da-ta,  and  borrow  pit 

and  seepage  control  measures  as  they  existed  in  1950 ^ led  to 

recommendations  of  additional  seepage  control  measures  at  the  following 
13  sites  of  the  I6  studied:  Caruthersville,  Gammon,  Commerce, 

Trotters  ^1,  Trotters  54,  Sto-vall,  Farrell,  Upper  Francis,  Lower  Francis, 
Bolivar,  Eutaw,  L' Argent,  and  Hole -in-the -Wall. 


Evaluation  of  Data  from  Piezometer  Sites 


Characteristics  of 
riverside  top  stratiun 


905.  Source  of  seepage  and  effective  length  of  riverside  blanket. 


Of  the  15  uites  at  which  sufficient  piezometric  data  were  available  for 
analysis,  the  source  of  seepage  at  the  crest  of  the  1950  high  water  was 
located  in  the  riverside  borrow  pits  except  where  the  borrow  pits  were 
blanketed  with  a thick  layer  of  clay.  The  distance  to  the  effective 
source  of  seepage  entry  generally  ranged  from  about  6OO  to  3000  ft.  The 
corresponding  effective  length  of  riverside  blanket  ranged  from  about 

200  to  2800  ft. 

906.  At  L* Argent  and  Eaton  Rouge,  where  the  riverside  borrow  pits 
are  blajaketed  with  clay  15  to  20  ft  thick,  the  effective  source  of  seepage 
was  located  at  the  bank  of  the  Mississippi  River.  At  the  other  sites 
where  the  thickness  of  the  riverside  bleinket  ranged  from  about  0 to  5 ft, 
the  source  of  seepage  generally  was  in  the  riverside  borrow  pits. 

907*  Generally,  the  effective  length  of  riverside  blankets  tended  to 
increase  as  the  blanket  material  in  the  borrow  pits  graded  from  silty  sand 
to  clay,  and  also  as  a given  type  of  blanket  increeised  in  thickness.  A 
top  stratum  of  silty  sand  is  not  very  effective,  as  the  length  of  this 
type  riverside  top  stratum  was  about  the  same  as  at  sites  where  the  sub- 
stratum sands  were  exposed  in  the  borrow  pits.  Where  the  riverside 
blanket  consisted  of  clay  10  to  15  ft  thick,  very  little  seepage  pene- 
trated through  the  blanket. 

908.  These  studies  indicate  that  the  underseepage  problem  along  the 
Lower  Mississippi  River  levees  has  been  aggravated  by  more  or  less  com- 
plete removal  of  the  riverside  top  blanket  along  certain  reaches  of  levee 
eis  the  result  of  borrow  operations  for  construction  of  the  levee.  Where 
feasible,  borrow  operations  riverward  of  a levee  shoxild  be  controlled  so 
as  not  to  expose  the  underlying  sand  aquifer. 

909.  Permeability.  For  a given  material,  the  permeability  of  the 
rive:  3ide  top  stratum  k^^^  generally  tends  to  decrease  as  the  thickness 
of  top  stratum  increases,  particularly  for  clay  top  strata.  Values  of  k^^ 
were  zero  at  sites  where  thickness  of  the  blanket  equalled  or  exceeded 

-4 

15  ft  of  clay  as  compared  to  about  1 x 10  cm  per  sec  where  the  clay 
blanket  was  less  than  5 ft  thick.  No  apparent  decrease  in  k^^^  with 
increasing  blanket  thiclcness  was  observed  at  sites  where  the  borrow  pits 
were  blaiAeted  with  silt.  The  average  permeability  of  the  silty  blankets 
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vas  about  2.5  x 10  cm  i>er  sec;  for  silty  sand  blankets  up  to  10 

ft  thick  averaged  about  6 x 10"^  cm  per  sec. 

910.  Data  from  piezometers  installed  at  various  depths  in  the  per- 
vious aquifer  indicate  that:  (a)  the  head  immediately  beneath  the  top 

stratum  taider  the  levee  crown  is  equal  to  the  average  head  on  a vertical 
plane  throtigh  the  substratimi  sands  under  the  crown,  and  (b)  where  there 
is  a significant  vq)ward  flow  of  seepage  the  head  immediately  beneath  the 
top  stratum  at  the  landside  toe  of  the  levee  is  somewhat  less  than  the 
average  head  in  the  sand  stratian  under  the  levee  toe. 

Characteristics  of 
landside  top  strata 

911.  Effective  seepage  exit.  Valties  of  generally  ranged  from 
about  150  to  11,000  ft,  the  largest  occurring  at  Baton  Rouge  where  the 
top  stratum  is  about  30  ft  thick.  The  distance  to  the  effective  seepage 
exit  was  usually  rather  short  at  sites  where  the  landside  top  stratum  was 
thin  and  at  sites  where  numerous  sand  boils  developed.  At  sites  where 
the  exit  of  seepage  was  partially  blocked  as  a result  of  landward  swales 
or  sloughs,  the  observed  values  of  and  h^  were  larger  than  they 
would  have  been  without  the  blocked  exit. 

912.  Values  of  x^  followed  three  basic  patterns  during  rising  river 

stages:  (a)  a constant  x^  indicated  that  resistance  to  the  flow  of 

seepage  either  landward  or  up  through  the  natural  blanket  was  constant 

for  the  river  stages  experienced;  (b)  a decrease  in  x^  with  rising  river 
stage  usually  occurred  when  sand  boils  began  to  develop  (such  boils  pro- 
vide additional  seepage  outlets,  thereby  decreasing  the  resistance 
offered  by  the  natural  blanket  to  the  emergence  of  seepage);  (c)  an  in- 
crease in  x^  with  rising  river  stage  indicated  an  increase  in  resistance 
tc  the  flow  of  seepage  landward.  (At  the  beginning  of  overbank  stages, 
the  natxiral  water  table  may  be  low  and  seepage  may  readily  flow  into  the 
resultant  large  volume  of  ground-water  storage  which  in  a sense  acts  as  a 
drainage  area.  As  the  subsurface  storage  becomes  filled,  the  phreatic 
line  comes  in  contact  with  the  bottom  of  the  top  stratum  and  seepage 
either  has  to  flow  toward  storage  areas  farther  landward  or  force  its  way 
up  through  the  top  stratum.  In  either  case  resistance  to  the  flow  of 


stratum  varied  from  about  4 to  30  ft;  the  permeability  generally 

ranged  from  about  O.C^  x 10~^  cm  per  sec  to  about  10  x 10“^  cm  per  sec. 

At  sites  ^ere  numerous  sand  boils  occurred,  considerably  higher  values 
of  permeability  vere  noted.  Most  values  of  at  the  crest  of  the 

1950  high  water  ranged  from  about  0. 5 to  10  x 10  cm  per  sec. 

915*  There  was  a jjronounced  trend  for  to  decrease  with  an  in- 
crease in  2 , particularly  for  clayey  top  strata;  there  was  a lesser  , 

bL  j 

tendency  for  to  decrease  with  increasing  thickness  of  silty  top 

stratum.  The  pertoeability  of  top  strata  less  than  10  ft  thick  was  about 

the  same  for  silt  as  for  clay.  The  pemsability  of  the  top  stratum  land-  ’ 

warx  of  the  levee  has  little  relation  to  that  which  would  be  obtained  from  | 

laboratory  tests  on  undisturbed  samples,  but  instead  depends  to  a large  ex-  ^ 

tent  on  the  presence  and  numbers  of  fissures,  root  holes,  former  boil  j 

holes,  and  other  perforations  in  the  top  stratum.  The  effect  of  these  1 

perforations  in  clay  top  stratum  appeeirs  to  be  reduced  if  the  blanket 

thickness  exceeds  10  ft,  and  greatly  reduced  if  z,  _ exceeds  15  ft. 

bL 

916.  Comparisons  between  and  k^^  for  similar  blaidtets  of 

similar  thickness  indicate  that  the  lands ide  blanket  tends  to  be  about  two 
to  ten  tiiKS  as  pervious  as  the  riverside  blanket.  As  cracks  and  fissures 
exist  on  both  sides  of  the  levee,  this  difference  is  attributed  to  the 
tendency  of  upward  seepage  lands ide  to  flush  out  the  cracks  and  perfora- 
tions, thereby  increasing  the  over-all  permeability  of  the  top  stratum. 
Downward  seepage  through  the  riverside  blanket  tends  to  seal  any  cracks 
or  fissures  unless  excessive  erosion  occurs. 

Characteristics  of 
T^rvious  substratum 

917*  Effective  thickness  of  the  pervious  substratxim  ranged  from  about 
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70  to  3£5  ft  and  averaged  about  UO  ft  for  tbe  sites  studied.  Estinated 

, j. 

values  of  rffliged  frcsa  kOO  to  25C0  x 20  cm  per  sec.  For  most  sites 
in  tlte  Mai^ihis  and  Vicksburg  Districts  above  L* Argent,  La.,  k_  ranged 
from  about  1000  to  I5OO  x 20  cm  per  sec.  At  L‘Argent  and  sites  fsurfcher 
downstream,  k^  was  estimated  to  be  no  more  than  about  5OO  x 10  cm  per 
sec.  Althou^  it  should  i»t  be  inferred  that  k.  wiil  always  be  less 
than  500  X 10  oa  per  sec  in  the  alluviau.  valley  of  the  Mississippi 
River  below  L'Argent,  lower  k^^  values  generally  can  be  expected  below 
L’Argent.  Good  agreement  was  obtained  between  values  of  k^  as  esti- 
mated frcxa  a correlation  of  grain  size  and  permeability  and  those  de- 
terndjaed  fran  analyses  of  piezanetrlc  data  and  natural  seepage  meastire- 
ments,  well  flow  data,  aM  punning  tests.  Poor- agreement  was  obtained 
between  k as  estimated  frc®  laboratory  permeability  tests  aai  k^ 
obtained  from  piez<Mcetric,  seepage,  and  well  flow  data,  ani/or  pun5)ing 
tests. 

Ratio  of  permeability  of  pervious 
substratum  to  landside  top  stratum 

918.  ValxKS  of  k^/kj^j^  obtained  at  tte  piezraceter  sites  at  the  crest 

of  the  1950  hi^  water  ranged  from  about  1(X)  to  2000  except  at  Baton  Rouge 
where  the  ratio  was  about  85CO.  55iere  was  a tendency  for  ^ 

increase  for  clay  blankets  as  the  top  stratum  increeised  in  thickness; 
however,  there  was  no  apparent  variation  in  k^/k^L  sites 

where  the  top  stratum  was  predominantly  silt. 

Critical  upward  gradient 

919.  Upward  gradients  through  the  top  stratum  as  measured  by  pi- 
ezoneters  d\iring  the  I950  high  water  and  the  degree  of  seepage  were: 


Seepage  Conditions 

Light  to  no  seepage 
Medium  seepage 
Heavy  seepage 
Sand  boils 


0 to  0.5 

0,2  to  0.6 
0.4  to  0.7 
0.5  to  0.8 


The  gradient  required  to  cause  sand  boils  varied  considerably  at  ^he 
different  sites,  riossibly  because  at  sites  where  sand  boils  lad  developed 
previously  only  fairly  low  excess  heads  may  have  been  needed  to  reactivate 


^0.  An  examination  of  piezcssetric  gradients  where  natural  partial 
cutoffs  exist  slxnfs  no  significant  irap  in  head  across  the  rartial  cut- 
offs. I^sive  clay  deposits  a short  distance  landward  of  tte  levee  toe 
are  believed  to  have  increased  tls  severily  of  the  seepa^  comitions 
■jrtiich  occurred  during  the  1937  aM  195©  high  waters  at  Trotters  5^  aM 
StovaiJ.. 

Seepaj^e  beras  at  pieztxaeter  sites 

921.  Except  for  the  seepage  bers  at  Gasrm,  berrs  at  the  other  sites 
are  of  such  soil  types  and/or  thLcteess  as  to  cake  then  practically  issper- 
viotis.  Assutang  that  tte  riverside  aM  iandside  blankets  regained  un- 
changed as  a result  of  construction  of  tl^  bercs,  the  2C0-ft-wide  hems 
typical  of  nsost  sites  probably  decreased  seepage  and  landward  pressures 
by  approxj  ?rately  10  to  15  F«r  cent  frtS3  what  would  have  occurred  with  do 
hero.  Since  borrow  for  isost  of  ttese  bems  was  obtained  riverward  of 
the  levee,  tl^  borrow  operations  say  have  reduced  ti^  effective  values 
of  Xi_  as  laich  ais  the  width  of  tl^  bem  increased  L2  • If  such  is 
case,  little  or  no  reduction  in  Qg  or  bo  nay  have  resulted  £xxt 
bum.  Ck)DStruction  of  the  rather  thick  bems  at  certain  of  piezm- 
eter  sites  has  practically  elininated  the  occurrence  of  saM  lx>ils  at  “Us 
laidside  toe  of  tte  levee,  and  lengU^ned  tls  path  of  any  potential 
piping  enamel  which  would  lave  to  develop  before  the  levee  wotild  be 
endan^red.  However,  as  illustrated  by  occurrence  of  a laj^  sani  boil 
200  ft  frc«i!  tise  levee  at  Stovall  during  the  1937  high  water,  a 2W~  or 
aX)-ft-wl<te  bem  does  not  in  itself  insure  oonplets  safety  effl.inst 
imderseepa^. 


lii  "n'l!  iiC ''■•»••' '>i 
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Ih^erseeia^  C<sitrol  Ifeasures 


Methods  ang  their  oesisa 

^2.  *Ite  c<2itrol  of  underseepage  aid  prevention  of  sand  boils  re- 
qtiire  scse  seasture  that  will  control  erosiimal  seepage  and  reduce  excess 
pressures  bei»ath  the  landside  top  stratm  -x>  a safe  value-  Heasiares 
that  cay  be  used  are  Ici^rvious  riverside  blankets,  relief  wells,  laid- 
side  berss,  dmixmee  blankets,  drainage  trenches,  cutoffs,  aid  stiblevees. 


choice  of  ^thod  de^ids  up<si  a nusjer  of  factors  including  the 
character  of  tha  ftxadaticn,  cost,  percanencv,  available  ri^t-of-vay, 
saintenaace,  and  disposal  of  seepage  water.  Sr^rvious  riverside  blan- 
kets, relief  wells,  aid  seemge  bercs  ere  recercerded  as  tlK  princijsl 
ceans  of  ctstroUing  seex®^  beneath  levees  alnag  tt^  ciddle  and  Itsrar 
reaclas  of  the  Mississippi  River;  tte  ether  assures  cay  be  atq>l^  Sole 
is  scse  slti^ti^ms. 

923.  See^ge  control  ceasures  are  cemsidered  lacessary  where  ch- 
served  or  estimted  values  of  h^  nay  be  exacted  to  equal  or  exceed 
h ( approxicc. tely  0.75  s.)  st  design  flccd  stages. 

C w 

52^.  For  levees  with  a s«sipervi^2s  top  stratxss  landward  of 

levee,  riverside  blankets  o~  relief  veils  shaild  b"  designed  so  that  i 

at  the  toe  of  the  levee  dees  cot  exceed  O.5  to  0.6,  where  there  is  no 

seepage  bers  pre^nt.  Where  a landside  here  with  a width  exceeding  1(X) 

to  150  ft  is  present,  and  additici^l  ccxstrol  i^asures  are  considered 

i^essary,  riverside  blankets  or  relief  w^Hs  isy  be  designed  so  that 

at  the  tee  of  tl«  s^rc  i = 0.6  to  0.7.  Seei^ge  bercs  should  have  a 

cax 

thickness  ai*J  width,  if  practicable,  such  -Uiat  i through  the  t<^  stie'ba 


aisi  here  at  tte  lamside  levee  toe  will  not  exceed  0.5,  ai^  i at 
here  t<^  will  not  exceed  0.75  to  0.8. 

923  • "tore  there  is  no  natural  toL  strates  lar^ward  of  the  levee, 
and  the  creep  ratio  is  too  low,  ri'^rside  blatfiets  airi  relief  wells 
shcxild  be  desi^^  to  Intercept  sufficient  seei^ge  so  that  the  uncon- 
trolled seemge  merging  laiKward  of  levee  w-ill  be  no  core  than  abwit 
150  to  KX)  at  a project  flood  stage.  If  seepage  bercs  are  to  be  con- 
structed, tte  shcnild  be  long  en<xi^  to  increase  the  creep  ratio  to  an 

acceptable  imlne,  aiM  i through  the  bera  at  tc»  of  the  levee 


should  te  equal  to  or  less  than  0.5. 

926.  Impervious  riverside  blankets.  Where  the  pervious  substratum  is 
or  is  nearly  exposed  riverward  of  a levee,  an  impervious  blanket,  at 
least  3 to  5 ft  thick,  can  be  used  to  reduce  the  intensity  of  seepage 
and  pressure  landward.  If  a blanket  is  to  be  constructed  in  an  existing 
borrow  pit,  the  pit  should  be  draine^^  to  permit  the  gro’vth  of  willows 
which  will  reduce  scour  during  floods.  If  the  blanket  will  be  subject 
to  scour,  it  should  be  protected  by  means  of  s.batis  or  spur  dikes 
strategically  located. 

927*  Relief  wells.  Relief  wells  with  proper  spacing  and  penetration 
will  reduce  substratum  pressures  and  control  seepage  for  almost  any 
combination  of  riverside  co/iditions,  pervious  foundation,  and  landward 
top  strata.  The  wells  should  penetrate  the  principal  pervious  stratum 
to  obtain  efficient  relief  of  pressure,  especially  where  the  foundation 
is  stratified.  Wells  must  offer  little  resistance  to  water  flowing 
through  the  screen  and  out  of  the  well;  they  must  be  constructed  so  as 
to  prevent  infiltration  of  sand  into  them  after  initial  pumping,  and  to 
resist  the  deteriorative  action  of  soil  and  water. 

928.  Disadvantages  of  relief  wells  are  that  they  require  periodic  in- 
spection and  maintenance,  inu.it  be  protected  from  backflooding,  eind  they 
increase  the  total  quantity  of  seepage  about  20  to  40  per  cent  depending 
on  conditions.  However,  these  disadvantages  can  be  partially  overcome 
by  providing  the  wells  with  suitable  guards,  check  valves,  and  standpipes 
to  prevent  flow  during  low  flood  stages. 

929*  Landside  seepage  benns.  A landside  berm  controls  seepage  by  in- 
creasing the  thickness  of  -chc  landward  top  stratum  so  that  the  weight  of 
the  berm  and  top  stratum  is  sufficient  to  resist  uplift  pressures.  A 
berm  also  lengthens  the  path  of  seepage  flow,  thereby  reducing  the 
tendency  to  failure  by  piping.  The  berm  should  be  wide  enough  so  that 
the  head  at  the  berm  toe  is  no  longer  critical.  A berm  also  affords 
some  ‘protection  against  landside  sloughing  of  the  levee  as  a result  of 
seepage.  Berms  can  be  used  to  control  seepage  efficiently  where  the 
landside  top  stratum  is  relatively  thin  and  uniform,  or  where  no  top 
stratum  is  present,  but  they  are  not  efficient  where  the  top  stratum  is 
relatively  thick  and  high  uplift  pressures  develop,  as  the  thickness  and 
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width  of  berm  required  to  reduce  upward  seepage  gradients  to  those  recom- 
mended herein  may  be  excessive.  Berms  may  vary  in  type  from  impervious 
to  conq)letely  free  draining.  The  selection  of  the  type  berm  to  use  should 
be  based  on  availability  of  borrow  materials  and  relative  cost  of  each 


a.  Impervious  berms.  An  inqjervious  seepage  berm  restricts  the 
“ nattiral  relief  of  pressure  that  would  resu3.t  from  seepage 

through  the  top  stratum,  and  thus  increases  the  hydrostatic 
head  at  the  levee  toe  with  respect  to  the  original  ground 
surface.  The  effect  of  an  impervious  berm  on  substratum  pi’es- 
sures  is  the  same  as  increasing  the  base  width  of  the  levee  an 
amount  equal  to  the  width  of  the  berm. 

b.  Semipervious  berms.  A semipervious  berm  is  one  in  which  the 
vertical  permeability  is  equal  to  that  of  the  top  stratxxm. 

Natural  seepage  will  pass  through  this  type  of  berm  if  it  is  not 
too  thi'.'h.  On  the  basis  of  values  of  determined  at  the 

piezometer  sites,  it  appears  that  for  a berm  to  be  classified 

as  semipervious  it  must  be  constructed  of  silty  sand  or  fine 
sand. 

£•  Sand  berm.  A sand  berm  should  have  a vertical  permeability  of 
~ at  least  100  x 10"^  cm  per  sec.  Even  with  this  permeability, 
seepage  into  the  berm  must  emerge  at  its  surface  as  sand  berms 
do  not  have  sufficient  capacity  to  conduct  amy  appreciable 
flow  landward. 

d.  Free -draining  berm.  A free-draining  berm  is  one  where  the 
seepage  enters  the  berm,  is  collected  and  discharged  landward 
with  .low  internal  head  losses  in  the  berm.  Such  a berm  will 
not  affect  the  natural  seepage  flow  pattern  or  distribution  of 
landside  substratum  pressures  and,  therefore,  will  result  in  the 
narrowest  and  thinnest  of  all  berms  required  for  a given  foun- 
dation condition.  However,  a free -draining  berm  must  be  under- 
lain by  properly  designed  sand  and  gravel  filters  and  a col- 
lector system.  As  for  relief  wells,  the  ends  of  outfall  pipes 
from  the  collector  system  should  be  provided  with  suitable 
check  valves  and  outlet  guards. 

930.  Drainage  blankets.  A drainage  blanket  can  be  used  to  control 
underseepage  where  the  levee  is  built  on  exposed  sand  of  fairly  homogeneous 
character.  However,  it  is  not  effective  for  controlling  seepage  from 
deep  substrata  where  impervious  strata  or  even  stratified  fine  sands  exist 
between  the  drain  and  the  deeper  more  pervious  sands.  Drainage  blankets 
are  not  generally  considered  suitable  for  control  of  underseepage  along 
levees  in  the  Mississippi  River  Valley  because  of  the  usual  presence  of 
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an  upper  top  stratxim  of  clays,  silts,  or  fine  sands  overlying  the  deeper 
and  much  more  pervious  aquifer - 

931*  Drainage  trenches.  Drainage  trenches  can  be  used  to  control 
underseepage  where  the  top  strattan  is  thin  and  the  pervioxis  foxmdation  is  of 
limited  depth  so  that  the  trench  can  be  built  to  substantially  penetrate 
the  formation.  Where  the  pervious  foundation  is  deep,  a drainage  trench 
of  any  reasonable  depth  would  attract  only  a small  portion  of  under seepage, 
its  effect  would  be  local,  and  detrimental  underseepage  would  bypass  the 
trench.  Because  of  the  depth  of  the  pervious  substratum  along  Mississippi 
River  *levees,  drainage  trenches  are  not  considered  feasible  for  'these 
levees.  As  in  the  case  of  drainage  blankets,  the  existence  of  moderately 
impervious  strata  or  even  stratified  fine  sands  between  the  bottom  of  the 
drainage  trench  and  the  underlyi.ng  main  sand  aquifer  will  render  inef- 
fective or  decrease  the  efficiency  of  a drainage  trench. 

932.  Cutoffs . Where  practicable,  the  most  positive  method  of  under- 
seepage control  is  to  cut  off  all  seepage  beneath  a levee  by  means  of  an 
in^jcrvious  barrier  which  will  eliminate  both  excess  substratum  pressures 
and  the  problem  of  seepage  water  landward.  However,  completely  cutting 
off  pervious  strata  80  to  2C0  ft  deep  along  extensive  reaches  of  levees 
is  not  economically  feasible.  The  installation  of  partially  penetrating 
cutoffs  will  not  reduce  seepage  and  excess  pressures  significantly  unless 
the  cutoff  penetrates  95  per  cent  or  more  of  the  pervious  aquifer.  How- 
ever, shallow  cutoffs  along  the  riverside  toe  of  the  levee  are  feasible 
where  it  is  desired  to  cut  off  relatively  thin  layers  of  either  natural 
levee  or  crevasse  sands  lying  immediately  beneath  the  base  of  the  levee 
and  which  are  in  turn  imderlain  by  more  in5)ervious  strata. 

933'  Sublevees . A landside  sublevee  can  be  used  to  control  seepage 
by  storing  water  over  an  area  to  provide  a counterv/eight  against  excess 
head  beneath  the  top  stratum  in  the  subleveed  area.  Sublevees  can  be  used 
to  control  seepage  where  the  landside  top  stratum  is  relatively  thin,  and 
in  low  areas  where  seepage  normally  ponds.  Sublevees  have  the  disadvan- 
tage that  if  sand  boils  occur  within  the  subleveed  area  they  may  be  dif- 
ficult to  detect  or  observe  and  may  not  readily  be  given  emergency  treat- 
ment, if  needed.  Control  of  seepage  by  sublevees  requires  proper 
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manipulation  of  water  levels  in  the  sublevee  basins  during  a high  water. 
Controlling  underseepage  by  means  of  substandard  sublevees  is  potentially 
hazardous  as  failiu’e  of  a sublevee  when  full  of  water  would  result  in 
losing  the  counterhead  at  a critical  time. 


Construction  and  mainte- 
nance  of  control  measures 

934.  Relief  wells.  Relief  wells  can  be  installed  in  a hole  made  by 
either  the  reverse  rotary  method,  the  casing  method,  or  other  method  that 
will  not  remove  excess  material  from  the  foundation.  The  reverse  rotary 
method  of  drilling  well  holes  in  sand  is  basically  drilling  by  suction 
since  material  is  removed  by  suction  pipe.  The  walls  of  the  hole  are 
supported  by  seepage  forces  acting  against  a thin  film  of  fine-grained 
soil  on  the  walls,  created  by  maintaining  a head  of  water  in  the  hole 
several  feet  above  the  ground-water  table.  A temporary  casing  may  be  used 
to  support  the  walls  of  a hole  during  drilling  and  placing  of  well  screen, 
riser  pipe,  and  gravel  filter.  It  may  be  set  by  any  approved  method  that 
will  not  create  a cavity  around  the  outside  of  the  casing. 

935*  A typical  relief  well  consists  of  a wooden  screen  section,  riser 
pipe,  gravel  filter,  sand  backfill  from  the  top  of  the  filter  to  within 
10  ft  of  the  well  outlet,  and  concrete  backfill  from  the  top  of  sand 
backfill  to  the  ground  surface.  Wooden  screens  for  relief  wells  are 
usually  perforated  with  3/l6~in.  slots  with  a total  slot  area  for  an  8-in. 

ID  screen  of  about  30  sqt  in.  per  linear  foot  of  screen.  The  top  of  the 
well  screen  should  be  set  about  4 ft  below  the  top  of  medium  to  fine 
sand;  screen  should  not  be  set  in  strata  of  clay,  silt,  silty  sand,  or 
very  fine  sand;  and  the  depth  of  well  hole  should  be  at  least  4 ft  deeper 
than  the  bottom  of  the  screen, 

936.  Filter  gravel  for  relief  wells  should  be  placed  by  tremie  to 
prevent  segregation  of  gravel  as  it  is  placed.  Material  for  the  filter 
should  be  of  washed  gravel,  should  comply  with  design  specifications,  and 
should  not  be  skip- graded. 

937*  A well  should  be  properly  developed  after  installation  by  surg- 
ing and  pumping  to  remove  the  muddy  water  used  in  advancing  the  hole  and 
to  develop  the  filter.  After  the  well  has  been  developed  it  should  be 
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subjected  to  a pumping  test  during  which  the  rate  of  flow,  drawdow:*,  and  j 
the  rate  of  sand  infiltration  into  the  well  should  be  carefully  deteiTnined.  | 

938.  The  tops  of  relief  wells  should  be  protected  with  a suitable  j 

gviard,  and  backflow  of  surface  water  into  the  well  shoxxld  be  prevented  by  1 
an  effective  rubber  gasket  and  check  valve. 

939*  Relief  well  flow  is  somewhat  greater  than  natiural  seepage  during 
relatively  low  flood  stages.  This  increase  in  seepage  can  be  minimized 
by  p-  Iding  each  well  with  a standpipe  to  raise  its  discharge  elevation 
1 to  3 ft  above  natural  ground  surface.  As  soon  as  artesian  pressure 
develops  to  such  extent  that  water  begins  to  spill  over  the  top  of  the  j 

standpipe,  it  should  be  removed  and  the  well  system  allowed  to  operate  i 

as  originally  designed.  i 

9^0.  In  order  to  insure  continued  and  proper  functioning,  relief 
wells  must  be  kept  free  of  sand,  silt,  organic  matter,  or  any  other  mate- 
rial that  would  retard  free  flow  or  clog  the  filter,  and  should  be  inspected 
once  a year,  preferably  immediately  prior  to  normal  high-water  seasons,  for 
detection  of  abuse  by  carelessness  or  vandalism. 

941.  All  wells  shou3.d  be  pumped  at  least  every  5 to  8 years  to  clean 
them  and  as  a check  on  their  performance.  Individual  wells  known  to 

have  been  subjected  to  inflow  of  muddy  water  resulting  from  inoperative 
check  valves  or  removal  of  check  valves,  etc.,  should  be  pumped  and/or 
cleaned  before  the  next  high-water  season.  Check  valves  and  gaskets 
should  be  checked  and  cleaned  so  that  they  operate  properly.  Collector 
ditches  or  pipes  for  relief  wells  should  also  be  properly  maintained. 

Mowing  and  weed  spraying  should  be  extended  at  least  5 ft  beyond  each 
well.  Normal  well  operation  requires  removal  of  standpipes  as  soon  as 
overflow  of  the  standpipes  is  noted.  Check  valves  and  gaskets  should 
be  left  on  the  well  at  all  times.  Flow  from  selected  wells  in  reaches 
of  well  systems  should  be  measured  periodically  to  check  on  design 
assumptions  and  to  provide  a record  of  the  amount  of  water  being 
discharged. 

942.  Piezometers . Piezometers  should  be  used  to  check  the  perform- 
ance of  seepage  control  measures.  They  should  be  installed  in  a hole  ad- 
vanced with  an  auger  or  bailer  and  casing.  Samples  should  be  taken  at 
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everj,  change  in  type  of  soil  or  at  intervals  not  to  exceed  3 ft  in  order 
to  obtain  representative  samples  of  the  various  strata  encountered.  A 
good  type  of  piezometer  is  one  with  a brass  or  bronze  screen,  a galvanized 
steel  riser  pipe,  and  plastic  coupling  between  the  screen  and  riser.  The 
filter  around  the  piezometer  tip  should  consist  of  clean,  well-graded 
medium  to  fine  sand. 

943.  The  piezometer  should  be  pumped  after  installation  laitil  a clear 
stream  of  water  is  obtained.  If  this  is  not  possible,  the  piezometer 
should  be  filled  with  clear  water  and  the  rate  at  which  the  water  falls  in 
the  riser  pipe  observed  and  recorded  as  a check  on  its  performance. 

944.  Piezometers  should  be  inspected  once  a year  prior  to  the  usual 
high-water  period  and  given  any  maintenance  indicated. 

945.  Seepage  berms.  Seepage  berms  can  be  constructed  by  hydraulic 
fill  method  or  by  hauling.  They  do  not  require  any  special  compaction 
other  than  that  resulting  from  placement  operations.  Special  precautions 
must  be  taken  in  construction  of  free-draining  berms  to  insure  that  the 
filter  layers  and  collector  system  are  properly  constructed.  Berms  should 
be  maintained  so  that  they  will  drain  and  be  kept  free  of  objectionable 
weeds  and  brush. 

946.  Riverside  blankets.  Impervious  riverside  blankets  should  be 
constructed  of  the  most  impervious  material  readily  available,  placed 

in  6-  to  12-in.  lifts  and  compacted  with  spreading  and  hauling  equipment. 
Borrow  for  the  blanket  should  be  obtained  ICCO  to  15CO  ft  or  more  from 
the  riverside  levee  toe,  and  operations  should  bo  controlled  so  as  to 
leave  a blanket  of  clay  or  silt  at  least  5 ft  thick  over  the  underlying 
pervious  sands.  Riverside  blankets  should  be  repaired  if  scoured,  and 
protected  by  means  of  abatis  dikes  if  necessary, 

947 . Sublevees . Sublcvees  constructed  around  critical  seepage  areas 
should  have  a rainimxun  crown  width  of  5 ft  and  side  slopes  of  1 on  2-1/2. 

They  should  be  built  of  relatively  impervious  soil  and  compacted.  Borrow 
for  sublevees  should  never  bo  obtained  between  the  levee  and  sublevee. 
Sublevee  basins  should  be  provided  with  paved  overflow  spillways  to  prevent 
crevassing  in  event  of  overflow  as  a result  of  seepage  or  surface  runoff 
from  the  levee.  Sublevees  and  basins  should  be  kept  free  of  objectionable 
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brush  and  control  gates,  spillway-  , and  drains  should  be  kept  in  operating  ! 
condition. 

948.  Abatis  dikes.  Abatis  dikes  usually  consist  of  a row  of  posts 
across-  the  borrow  pit  svqpporting  2-  by  4-in.  stringers.  Field  and  snow 
fencing  are  stapled  to  these  stringers.  The  dike  should  be  protected 

both  upstream  and  downstream  by  riprap  mattresses  to  prevent  undercutting  ; 
from  scour.  ■ 

949.  Drainage  blankets.  Drainage  blankets  shotild  be  constructed  of 
clean,  properly  graded  sand  and  gravel  filters.  As  proper  functioning  of 

a drainage  blanket  depends  on  its  continued  perviousness,  it  should  not  be  ; 
constructed  until  after  the  landside  slope  of  the  levee  has  become  stabi- 
lized and  is  covered  with  sod,  so  "that  soil  carried  by  surface  runoff  and 
erosion  of  the  levee  will  not  clog  the  blanket.  If  the  blanket  must  be 
constructed  when  the  levee  is  built  or  before  it  has  been  sodded,  an  in- 
terceptor dike  should  be  built  at  the  intersection  of  the  levee  slope  and 
drainage  blanket  to  prevent  surface  wash  from  clogging  the  blanket.  Flow 
intercepted  by  the  dike  should  be  drained  off  through  spaced  outfall 
cheumels.  The  interceptor  dikes  and  outfall  channels  should  be  removed 
af-ter  sod  has  covered  the  levee,  and  the  drainage  blanket  coraple-ted. 

950.  Drainage  trenches.  As  drainage  trenches  are  usually  excavated 
along  the  landside  levee  toe,  the  side  slopes  of  the  trench  should  be  as 
steep  as  possible  without  endangering  the  levee  slope.  The  trenches 
should  be  constructed  during  the  summer  or  fall  when  the  water  table  is 
lowest;  even  then  a dewatering  system  may  be  necessary  to  achieve  the 
required  depth  for  the  trench.  It  is  imperative  that  the  filter  layers 
be  properly  graded  and  carefully  placed.  The  perforated  collector  pipe 
should  be  of  corrosion-resistant  material  and  properly  installed.  Ver- 
tical risers  from  the  collector  should  be  provided  with  a rubber  gasket 
and  check  valve  of  the  type  used  for  relief  wells  and  protected  with  a 
me-tal  guard.  Precaution  should  be  taken  to  prevent  the  filter  or  col- 
lector pipe  from  being  flooded  with  muddy  surface  water  during  construc- 
tion. The  trench  may  be  refilled  with  material  removed  during  excavation. 

951.  Cutoffs . Impervious  cutoffs  can  be  constructed  at  the  riverside 
toe  of  a levee  by  means  of  open  excavation  or  by  a trenching  machine  and 
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backfilling  with  in^jervious  soil.  Cutoffs  placed  at  the  riverside  toe 
should  be  tied  into  the  levee  by  means  of  an  impervious  blanket.  Open 
excavation  for  a cutoff  should  be  made  on  slopes  that  are  stable  and  will 
not  endanger  the  stability  of  the  levee.  A cutoff  can  be  constructed 
below  the  water  table  by  use  of  a trenching  machine  with  the  trench  held 
open  by  a clay  slurry,  and  subsequently  filled  with  pulverized  clay. 

Underseepage  measurements 
and  observations  during  flood 

952.  When  river  stages  higher  than  8 ft  on  the  levee  are  predicted, 
plans  should  be  made  for  reading  selected  piezometers  at  least  twice  a 
week  until  after  the  crest  is  past  and  the  stage  has  fallen  below  8 ft. 

Seepage  conditions  should  be  noted  when  the.  piezometers  are  read.  Seep- 
age should  be  classified  as  light,  medium,  or  heavy,  and  the  area  in 
whi.ch  it  emerges  should  be  recorded  as  well  as  the  head  on  the  levee. 

The  location  of  sand  boils  larger  than  4 in.  shoxild  be  recorded,  together 

with  the  elevation  of  seepage  or  surface  water  covering  the  eirea  adjacent  | 

I 

to  piezometers  or  sand  boils.  | i 





"-=  ~ * --  ^ o^3^S7 


,;:s“  m 


PART  XI:  CONCniSIONS 


953.  The  following  conclusions  are  "based  on  the  data  and  studies 
presented  in  this  rei>ort: 

a.  Sand  boils  and  subsurface  piping  during  higih  flood  stages 
along  the  Mississippi  River  levees  are  the  result  of  ex- 
cess hydrostatic. pressure  and  seepage  through  deep  pervi- 
ous strata  underlying  the  levees.  Serious  piping  may 
\indennine  a levee  and  cause  it  to  crevasse.  The  severity 
of  underseepage  is  dependent  upon  the  head  on  the  levee, 
source  of  seepage,  base  width  of  levee,  perviousness  of 
substrata,  configuration  of  surface  geology,  and  charac- 
teristics of  the  landside  top  stratum. 

There  is  a definite  correlation  between  surface  geology 
and  the  location  and  occtirrence  of  vinderseepage  and  seuad 
boils.  Ditches  and  borrow  pits  leuadward  of  levees  also 
have  a significant  effect  on  the  location  and  severity 
of  seepage. 

c.  Seepage  flotf  and  hydrostatic  heads  leuadward  of  a levee 

” can  be  estimated  from  seepage  formulas,  and/or  piezomet- 
ric data,  and  a knowledge  of  foundation  characteristics 
both  riverward  and  landward  of  the  levee.  Data  obtained 
from  the  piezometer  sites  ceui  be  used  to  estimate  seepage 
flows  and  hydrostatic  pressures  at  other  sites  along  the 
levee  system. 

d.  Piezometer  readings  obtained  during  high-water  periods 
provide  the  best  data  for  determining  the  source  of  seep- 
age and  seepage  exit,  and  for  predicting  seepage  and 
hydrostatic  heads  at  a project  flood.  Such  data  are  ex- 
tremely valuable  in  designing  seepage  control  measures. 

e.  Removal  of  the  natural  riverward  top  blanket  as  a result 

~ of  uncontrolled  borrow  operations  has  seriously  aggravated 
the  underseepage  problem  along  Mississippi  River  levees. 
Except  where  a clay  stratum  several  feet  thick  has  been 
left  in  place,  the  source  of  seepage  at  the  sites  studied 
is  in  the  riverside  borrow  pits. 

f.  The  permeability  of  landside  top  strata  is  related  to  the 
type  of  soil,  its  thickness,  and  the  presence  of  minute 
fissxires  and  holes  in  the  top  stratum.  The  permeability 
of  relatively  thin  top  strata  landward  of  levees  appears 
to  be  considerably  higher  than  would  be  obtained  from 
laboratory  tests.  Landward  top  strata  were  generally 
more  pervious  than  riverweo:d  top  strata  of  the  same  soil 
type  and  thickness. 

g.  The  permeability  of  the  pervious  substratum  in  the  Lower 


Mississippi  River  Valley  is  test  determined  from  a pumping 
test,  tut  can  be  approximated  reasonatly  accurately  from  a 
correlation  between  D3.0  and  kf  as  developed  from  field 
pumping  tests  and  mechanical  analyses^  Coefficients  of 
permeability  as  determined  from  laboratory  tests  on  re- 
molded samples  of  sand  are  not  considered  satisfactory  for 
seepage  analyses. 

h.  Underseepage  can  be  controlled  by  properly  designed 

riverside  blankets,  relief  wells,  landside  seepage  berms, 
drainage  blankets  or  trenches,  cutoffs,  or  sublevees. 

Only  the  first  three  methods  are  considered  generally 
applicable  for  Mississippi  River  levees.  Sublevees  and 
drainage  blankets  or  trenches  may  be  applicable  in  certain 
special  situations.  The  above  control  measures  may  be 
used  singly  or  in  combination. 

Control  of  underseepage  at  problem  sites  along  most  Mis- 
sissippi River  levees  usually  requires  the  following 
general  ranges  in  dimensions  of  control  meas\ires,  de- 
pend"! ^ig  on  the  expected  bead  on  the  levee  and  on  top 
strata  and  foiindation  characteristics. 

(1)  Impervious  riverside  blankets  (where  practical); 


width  of  blanket  = width  of  borrow  pit,  or  1000  to 
1500  ft. 

Thickness  of  blanket  = 3 to  5 ft. 

Permeability  of  blanket  = 0.01  to  0.1  x 10“^  cm/sec 

(2)  Relief  veil  systems; 

Well  penetration  = 505&  (effective). 

Well  spacing  = 75  to  3CO  ft. 

Well  diameter  = 8-in.  ID  with  6-in.  gravel  filter. 
Length  of  riser  pipe  = 20  to  40  ft. 

Length  of  screen  = 40  to  80' ft. 

Depth  of  well  = 60  to  120  ft. 

(3)  Landside  seepage  berms; 

Thickness  of  berm  at  toe  of  levee  = 3 to  10  ft. 
Width  of  berm  = 100  to  4C0  ft. 

Of  the  three  principeil  control  measures,  only  riverside 
blankets  reduce  both  landward  substratum  pressure  suid 
seepage.  Relief  wells  reduce  substra"tum  pressure  and  in 
tercept  seepage  but  increase  the  total  seepage  approxi- 
mately 20  "to  MOfi  depending  on  conditions.  Seepage  berms 
generally  increase  the  substratum  pressure  at  the  levee 
toe  somewhat  but  add  a counterweight  to  the  top  stratum 
and  force  the  point  of  seepage  exit  landward  from  the 
levee;  they  decrease  the  total  seepage  approximately  10 
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k.  Seepage  berms  at  the  sites  investigated,  except  at  femmon, 
have  largely  precluded  the  danger  of  sand  boils  at  the 
levee  toe.  They  are  generally  thicker  than  required  but 
are  not  wide  enough  to  prevent  sand  boils  or  the  develop- 
ment of  critical  uplift  pressures  at  the  berm  toe.  The 
spacing  of  the  relief  wells  at  Trotters  is  closer  than 
necessary  for  a regular  well  system  at  the  site. 

l.  Additio:^  seepage  control  measures  are  considered 
warranted  at  Caruthersville,  Gammon,  Commerce,  Trotters 
51,  Stovall,  Farrell,  Upper  Francis,  Lower  Francis,  Bolivar,  | 
Eutaw,  L‘Argent,  and  Hole-in-the-Wall. 
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954.  The  following  recomuendations  are  nsade  as  a result  of  the 
studies  described  previously. 

a.  All  of  the  levees  in  the  Memphis,  Vicksburg,  and  Ifew 
Orleans  Districts  should  be  investigated  with  re^mi  to 
underseepage,  xising  the  procedures,  methods,  and  criteria 
for  safety  set  forth  in  this  report. 

b.  Hew  or  additional  control  measures  should  be  designed,  con- 
structed or  installed,  and  properly  maintained,  wherever 
they  are  liKiicated  from  the  above-mentioned  investigations. 
Use  of  the  design  formulas  and  criteria,  construction 
methods,  and  maintenance  programs  as  set  forth  in  this 
report  is  recomniended. 

c.  Geological  and  soil  conditions  have  an  important  bearing 
on  underseepage  aM  should  be  given  careful  consideration 
in  the  location  of  new  levees. 

d.  The  effect  of  borrow  operations  on  the  seepa^  problem  and 
required  control  measures  should  be  considered  in  the  de- 
sign and  construction  of  a levee.  Preferably,  borrow 
opeiations  riverward  of  a levee  should  be  limited  so  as  to 
insure  leaving  a minimum  riverside  blanket  of  silt  or  clay 
5 ft  thick.  Where  borrow  operations  leave  only  a rela- 
tively thin  riverside  blanket,  the  borrow  pits  should  be 
drained  to  promote  the  growth  of  willows  and,  if  necessary, 
should  be  protected  against  scour. 

e.  The  existing  piezcaeeter  systems  should  be  maintained  and 
observed  during  significant  high  waters  and  the  data 
analyzed  as  they  become  available.  (The  project  flood 
stage  at  most  of  the  sites  is  considerably  higher  than  the 
river  stages  experienced  since  installation  of  the  piezmn- 
eters;  therefore,  valuable  information  is  still  to  be 
gained  from  higher  river  stages.)  The  natural  seepage 
shoiild  also  be  observed  at  or  near  the  crest  of  future  high 
waters  at  the  sites  vhe^'a  it  was  measured  in  1950* 
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APPENDIX  A;  SAND  MODEL  STUDIES  OF  RELIEF  WELLS 

1.  Prior  to  the  initiation  of  this  study  in  19^0,  most  of  the 
theoretical  and  model  studies  made  in  connection  with  the  design  of 
relief  well  systems  had  been  made  for  the  case  of  a homogeneous  pervious 
foundation  overlain  by  an  impervious  top  stratum  with  a vertical  seepage 
entrance.  A number  of  sand  models  were  constructed  as  part  of  the  gen- 
eral underseepage  investigation  to  study  the  phenomena  of  underseepage 
and  its  control  by  means  of  relief  wells.  Some  results  of  these  experi- 
ments were  included  in  Part  VI  of  this  report,  and  certain  other  graphs 
and  summaries  of  test  results  from  two  of  the  models  described  in  refer- 
ence U3  have  been  selected  for  presentation  in  this  appendix  for  the 
purpose  of  illustrating  certain  principles  of  underseepage  and  the  action 
of  relief  wells. 

Purposes  of  Model  Studies 


2.  Specific  pxirposes  of  the  studies  in  the  sand  models  were; 

a.  To  obtain  information  on  well  flows  and  landward  pressmre 
for  different  well  spacings  and  penetrations,  and  for 
various  foundations  and  seepage  entrances. 

b.  To  determine  the  capacity  of  a line  of  wells  to  intercept 
underseepage  where  the  landside  top  stratum  is  not 
impervious . 

£.  To  determine  the  increase  of  total  flow  caused  by  wells 
where  there  is  natural  seepage  without  wells. 

d.  To  verify,  where  applicable,  available  design  data  obtained 
from  theoretical  and  electrical  model  studies  for  homoge- 
neous fovindation  conditions. 

e.  To  study  the  effect  of  stratification  on  the  efficiency  of 
a well  system  as  regards  well  penetration. 


Description  of  Models  and  Tests 


3.  The  models  for  which  certain  data  are  presented  in  this 
appendix  are  illustrated  in  figs.  A1  and  A2.  Model  A had  a homogeneous 


ji!!‘!l'i.n'!ll!i  BW!l!!i|!iii:3!irJl!a!'yiltjlft!lr$^^ 


Mooa  B« 


Fig.  A2.  Model  B,  Stratified  foundation  model 


foundation  of  sand  with  various  types  of  landward  top  strata.  Model  B 
had  an  impervious  landward  top  stratxan  and  a stratified  foundation  of 
sand  with  various  seepage  entrances.  All  dimensions,  well  diameters  and 
spacings,  seepage  and  well  flows,  and  head  measurements  in  the  models 


I 


A3 


have  been  adjusted  to  prototype  units  in  this  appendix.  Well  and  seepage 
flows  are  given  in  gpm  per  ft  of  net  head,  and  hydrostatic  pressures  are 
given  as  a percentage  of  the  total  net  head.  Other  information  regarding 
construction  and  testing  the  models  may  be  found  in  reference  43. 

Test  Results 


The  results  of  certain  selected  tests  in  models  A and  B are 
shown  in  the  following  figures.  All  data  regarding  seei>age  entrance, 
foimdation  conditions,  landside  top  strata,  well  spacing,  and  penetra- 
tion are  presented  in  each  figure.  The  data  shown  pertain  only  to  the 
particular  model  and  well  systems  described.  Application  of  the  model 
results  to  any  specific  field  problem  would  require  that  proper  con- 
sideration be  given  to  any  change  in  well  diameter  and  penetration, 
foundation  conditions,  seepage  entrance,  or  top  strata,  from  that  tested 
in  the  model.  The  term  "seeF-ige"  used  in  the  figures  for  model  A is 
limited  to  the  seepage  or  water  rising  to  the  surface  through  the  top 
stratum  landward  of  the  line  of  relief  wells. 

Model  A-a 

5 . V/ell  flow  and  the  head  midway  between  wells  at  the  landside 
toe  of  the  levee  as  observed  for  three  different  landside  top  strata  in 
model  A-a  for  various  well  penetrations  and  spacings  are  shown  in  figs. 
A3  and  A4,  The  effect  of  the  three  types  of  landside  top  stratum  on 
well  flow  and  head  between  wells  was  shown  in  fig.  55* 

6.  Relief  wells  not  only  may  be  used  to  reduce  substratum  pres- 
sures but  also  to  intercept  underseepage  with  an  attendant  reduction  of 
the  natural  seepage  that  otherwise  would  rise  to  the  surface  through  the 
top  stratum  landward  of  a line  of  relief  wells.  Interception  of  seepage 
and  the  relationship  between  well  flow  and  natural  seepage  are  shown  for 
a leaking  top  stratum  (model  A-a -2)  in  fig.  56  and  for  no  landside  top 
stratum  (model  A-a-3)  in  fig.  A5.  The  increase  of  flow  due  to  wells  in 
excess  of  that  naturally  occurring  without  wells  is  also  shown  on  these 
figures 
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Fig.  A3.  Model  A-a-1.  Impervi-  Fig.  A4.  Models  A-a-2  and  A-a-3. 
ous  landside  top  stratiim.  Well  Relatively  impervious  and  no 
flows  and  landside  substratvun  landside  top  stratum.  Well  flows 

pressures  and  landside  substratum  pressures 

Model  B 

7.  Well  flovr  and  the  maximum  head  landv/ard  of  the  wells  as  ob- 
served for  three  different  seepage  entrance  conditions  tested  in  model  B 
for  various  well  penetrations  and  spacings  are  shown  in  figs.  A6-A8. 

8.  Hydrostatic  pressures,  as  measured  by  piezometers  beneath  the 
top  stratum,  are  shown  for  models  B-a,  B-b,  and  B-c  in  fig.  57-  Equipo- 
tential  lines  drawn  from  piezometric  data  and  flow  lines  obtained  from 
dye  lines  are  shown  for  these  models  in  fig.  58- 

9.  The  test  data  presented  in  figs.  A6-A8  show  that  in  order  to 
achieve  effective  pressure  relief  in  stratified  foundations,  the  well 
screens  must  penetrate  into  the  principal  seepage -carrying  strata.  It 
may  be  noted  that  the  100-ft-wide  open  borrow  pit  in  model  B-b  permitted 
more  water  (approximately  23i>)  to  enter  the  pervious  foundation  than 
entered  the  foundation  with  a vertical  seepage  entrance  1000  ft  frc®  the 
well  line.  The  distance  from  xhe  well  line  to  the  "effective"  seepage 
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Fig.  A5.  Model  A-a-3«  No  landside  top  stratum.  Well  flow  and  seepage 

entrance  in  model  B-b  was  about  725  ft  as  determined  graphic  ally  by  the 
method  described  in  Part  III  of  this  report.  In  model  B-c,  the  distance 
to  the  effective  source  of  seepage  entry  was  about  550  ft.  Th  is,  borrow 
pits,  excavated  to  sand,  riverward  of  a levee  materially  reduce  the 
distance  to  the  source  of  seepage  entry,  suid  correspondingly  increase 
seepage  flow  and  substratum  pressures  so  that  more  relief  wells  or  longer 
and  thicker  berms  are  required  to  control  underseepage. 
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Fig.  A6.  Model  B-a.  Seepage  en- 
trance in  river.  Well  flows  and 
landside  substratum  pressures 
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Fig.  AT.  Model  B-b.  Seepage  en- 
trance in  riverside  borrow  pit. 
Well  flows  and  landside  substratum 
pressures 


Fig.  A8.  Model  B-c.  Seepage  en- 
trance in  river  and  in  riverside 
borrow  pit.  Well  flows  and  land- 
side  substratum  pressures 


APPENDIX  B:  MODEL  AND  THEORETICAL  STUDIES 

OF  PARTIAL  CUTOFFS 


1.  A part  of  the  general  investigation  of  undersespage  included 
rather  comprehensive  theoretical  and  model  studies  of  partial  cutoffs 
for  controlling  under seepage.  The  effect  of  partial  cutoffs  on 
seepage  and  hydrostatic  pressure  heneath  and  landward  of  levees  was 
studied  for  various  foundation  and  seepage  entrance  conditions  con- 
sidered to  represent,  at  least  qualitatively,  certain  limiting  condi- 
tions commonly  encountered  in  the  Lower  Mississippi  River  Valley.  The 
methods  of  analysis  used  in  investigating  the  problem  included  s^-nd 
and  electrical  models,  and  graphical  and  mathematical  formulas  where 
applicable. 

2.  These  studies  were  reported  in  detail  in  reference  40;  however 
some  pertinent  da-a  from  these  studies  are  presented  in  this  appendix 
for  the  purpose  of  illustrating  certain  characteristics  of  underseepage 
flow  and  the  effect  of  partieJ.  cutoffs,  either  man-made  or  geological, 
on  seepage  and  substratum  pressures  landward  of  levees. 

Foundation  and  Seepage  Entrance  Conditions  Studied 

3.  The  basic  three  foundation  conditions,  with  different  seepage  | 

entrances  and  exits,  that  were  studied  are  illustrated  in  figs.  B1-B3  I 

and  in  table  Bl.  Results  from  certain  selected  founds*,tion  and  seepage  ! 

entrance  conditions  considered  to  be  the  most  representative  of  con-  j 

ditions  in  the  alluvial  valley  are  presented  in  graphical  form  in  the  | 

following  sections.  All  information  regarding  seepage  entrance  and 

foundation  conditions,  landside  top  stratum  and  cutoff  penetration,  I 

pertinent  to  the  data,  is  presented  on  each  figure  as  is  the  method  of 
study.  Information  regarding  details  of  the  models  and  methods  of 
making  the  tests  are  given  in  reference  1<0. 

i 
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CASE  l-M 

Fig.  Bl.  Homogeneous  foundation,  case  I 


Homogeneous  Foundation,  Case  I 


U.  Mathematical  formulas  for  determining  seepage  flow  and  heads 
for  partial  cutoffs  into  a homogeneous  foundation  are  given  in  fig.  ?!• 
The  hydraulic  grade  line  beneath  emd  landweird  of  a levee  with  and  with- 
out partial  cutoffs  is  illustrated  in  fig.  72  for  a leading  landslde 
top  stratum  (model  I-a-b).  Seepage  flow  and  head  at  the  landside  toe  of 
a levee  for  various  cutoffs  axe  shown  for  model  I-a  in  fig.  BU.  Equi- 
potential  lines  and  graphical  flow  nets,  as  obtained  for  zero  and  5C^ 
cutoffs  in  models  I-a-2  and  I-a-5,  are  shown  in  fig.  B5. 
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Fig.  BU.  Model  I-a.  Cutoff  vs  seepage  flow  and  head  at 
landside  toe  of  levee.  Seepage  entrance  at  river 

5.  Case  I-a.  The  results  of  the  various  isethods  of  analyses  shew 
that  partial  cutoffs  into  a hontfgeneous  pervious  foundation  have  very 
little  effect  on  seepage  flows  or  landside  pressirres,  regardless  of  the 
landside  top  strata.  For  the  sa^  seepage  entrance,  the  lajre  ie^pervious 
tl^  landside  top  stratum,  the  less  effective  was  a cutoff.  Tins  is  be- 
cause a landside  top  stratum  increases  the  resistance  to  flow,  and  the 
more  initial  resistance  to  flow  the  less  effect  a partial  cutoff  has. 

A cutoff  of  reduced  the  seepage  and  landside  pressure  by  only  to 
^ for  the  landsiite  conditions  tested. 

6.  Case  I-b.  The  shorter  the  path  of  seepage  flow,  the  i^re  ef- 
fective is  a partial  cutoff.  Therefore,  partial  cutoffs  were  sH^tly 
more  effectire  in  reducing  seepage  and  lai^ide  pressures  where  the 
seepage  entrance  was  at  the  levee  toe  rather  than  7C0  ft  distant  as  in 


Equlpotontlol  llnoo  for  0 and  50^  outoffo,  model  I-a-2 
t.  B5.  Model  I.  Equtpotential  llneo  and  graphical  flow  nets 
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case  I-a.  However,  even  for  this  extreme  entrance  condition,  a partial 
cutoff  of  *5^  (38  ft)  reduced  the  seepage  and  landside  pressures  only 
about  1^3  to  IC^. 

Two-layered  Foundation,  Case  II 

7.  The  hydrostatic  pressur®  beneath  the  top  stratum  with  and 
without  cutoffs  is  shown  for  a leaking  landside  top  stratum  and  two  dif- 
ferent seepage  entrances  (models  II  . ? and  Il-b-l)  in  fig.  73*  Seepage 
flow  and  head  at  the  landside  toe  fci  various  cutoffs  are  shown  for 
model  II -a  in  fig.  B6.  Equipotential  lines  for  no  cutoff  and  a cutoff 
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Fig.  e6.  Model  Tl-a.  Cutoff  vs  seepage  flow  and  head  at  landside  to. 

through  the  uppe;',  50-ft,  fine -sand  stratum  as  tested  in  models  II-a-2 
and  II-b-1  are  shovm  in  fig.  BY.  Graphical  flow  net^  for  model  II-b-2 
(no  landside  top  stratum)  for  zero  and  50-ft  cutrff^  are  shown  in  fig,  B8 
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Model  II.  BcLuipotentlal  lines  for  0-  and  50-ft  cutoffs 


Fig.  B8.  Model  II-b-2.  Graphical  flow  nets  for  0-  and  50- ft  cutoffs 


8.  Case  Il-a.  In  this  case  the  deeper,  moz.’e  pervious  sand  was 
overlain  by  a 50-ft  stratum  of  finer  sand,  five  times  less  pervious. 

As  for  the  homogeneous  foundation,  partial  cutoffs  had  practically  no 
effect  on  seepage  flows  or  landside  pressures,  regardless  of  the  land- 
sidfi  top  strata. 

9.  Case  II -b.  When  the  cutoff  reached  a depth  of  50  ft  in  this 
case,  all  water  entering  the  deep,  more  pervious  sand,  had  to  pass 
through  the  upper  finer  sand.  As  mi^t  be  expected,  partial  cutoffs 
were  slightly  more  effective  in  reducing  seepage  and  landside  pressures 
in  this  case  than  in  case  II -a,  but  again  the  amount  of  reduction  was 
small  for  any  moderate  cutoff  penetration,  regardless  of  the  landside 
top  stratum. 


Stratified  Foundation,  Case  III 


10.  Seepage  flow  euid  head  at  the  landside  levee  toe  at  the  top  of 
the  deep  pervious  sand  (depth  of  50  ft)  are  shown  for  this  case  in 
fig.  B9.  Equipotential  lines  for  cases  Il-a  and  II -b,  with  and  without 
a cutoff  extending  through  the  upper  50  ft  of  stratified  fine  and  coarse 
sand,  are  shown  in  fig.  BIO. 

11.  Case  Ill-a.  In  this  case,  the  deeper  more  pervious  sand  was 
overlain  by  alternate  strata  of  very  fine  and  medium  sand,  the  finer  sauid 
being  ^ to  10  times  less  pervious  than  the  coarser  sand.  Where  the 
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SeepH<  <n  GPM  per  Foot  He*d  per  100  Feel  of  Levee  Heed  at  50  Foot  Depth  at  Landside 

Toe  it>  Pet  cent  of  Net  Head 

Fig.  B9.  Model  III.  Cutoff  vs  seepage  flow  and  head  at  landside  toe 
of  levee.  No  landside  top  stratum 

seepage  water  entered  at  a point  5C0  ft  from  the  levee,  a partial  cutoff 
completely  penetrating  the  stratified  sand  reduced  the  seepage  flow  2^ 
but  eff''  J no  reduction  in  the  head  at  a depth  of  50  ft  at  the  landside 
toe  of  t.i . j.evee. 

12.  Case  Ill-b.  As  in  case  II -b  with  a 50-ft  cutoff,  ell  water 
entering  the  deep,  more  pervious  sand  had  to  pass  through  the  upper 
stratified  layers  of  sand.  Because  of  the  entrance  condition  and  the 
lack  of  resistance  to  flow  (no  leindside  blanket),  partial  cutoffs  should 
be  more  effective  in  reducing  underseepage  and  landside  pressure  for 
this  case  than  for  any  other  case  tested.  However,  a 50-ft  cutoff,  ex- 
tending through  the  upper  stratified  sands,  reduced  the  seepage  flow  by 
only  and  the  head  at  the  landside  toe  at  a 50-ft  depth  by  li^. 


13.  The  correlation  of  re-.ults  obtained  from  the  different 
methods  of  analysis  is  best  shown  on  the  various  figures.  Considering 
the  numerous  variables  that  enter  into  sand  and  electrical  seepage 
models,  the  correlation  of  the  rest) Its  obtained  from  mathematical 
analyses,  graphical  flow  nets,  sand  models,  and  electrical  models  was 
good.  In  most  cases  the  dev'  ^n  in  the  results  was  no  more  than  5 to 
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Conclusions 


l4.  The  results  of  the  model  studies  and  other  analyses  indicate 
the  following  conclusions; 

a.  Partial  cutoffs  with  penetrations  less  than  9^  had 
relatively  little  effect  in  reducing  tmderseepage  or 
landside  pressures  for  the  range  of  conditions  tested. 
Cutoffs  with  penetrations  less  than  had  practically 
no  effect. 

b.  The  longer  the  path  of  seepage  flow  the  less  effective 
were  partial  cutoffs.  Correspondingly,  the  more  imper- 
vious the  landside  top  stratum  the  less  effective  were 
partial  cutoffs. 

c.  By  similarity,  it  may  be  reasoned  that  not  only  must 
cutoffs  completely  penetrate  the  pervious  strata,  but 
they  must  also  contain  no  openings  in  order  to  mate- 
rially reduce  seepage  flows  and  landside  pressure. 
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APPENDIX  C;  PERMEABILrrY  OF  FOUNDATION  SANDS 
Introduction 

1.  One  of  the  principal  factors  in  the  analysis  of  underseepage 
and  in  the  design  of  measures  to  control  seepage  beneath  levees  underlain 
by  strata  of  pervious  sands  is  the  coefficient  of  permeability  of  the 
various  strata  of  sand.  The  permeability  must  be  known  for  computation 
of  seepage  flow  and  substratum  pressures  landward  of  the  levee,  drawing 
flow  nets,  and  determination  of  "effective"  penetration  of  relief  wells. 

2.  The  importance  of  this  factor  was  realized  early  in  this 
investigation  and  numerous  laboratory  tests  were  performed  to  determine 
the  grain  size  (D^q)  and  permeability  of  samples  of  sand  taken  from  the 
pervious  substrattm  at  the  piezometer  sites  discussed  in  the  main  report. 
Most  of  these  samples  of  sand  were  remolded,  having  been  obtained  in 
most  cases  by  means  of  bailer  borings;  however,  a few  tests  were  per- 
formed on  undisturbed  samples  of  sand  obtained  with  Shelby  tube  samplers. 
The  results  of  these  tests  are  all  shown  adjacent  to  the  logs  of  borings 
made  at  the  piezometer  sites  (presented  in  vol.  2),  and  the  relation 
between  D^q  and  k^  as  developed  from  these  studies  is  shown  on  plate  244. 

3.  In  an  attempt  to  determine  more  precisely  the  permeability  of 
the  sand  at  various  depths,  a number  of  falling -head  tests  were  made  in 
the  casing  of  the  borings  as  they  were  advanced.  However,  the  settling 
out  of  fines  in  the  casing,  which  created  a filter  skin  in  the  bottom  of 
the  hole,  largely  invalidated  these  tests  and  the  results  are  not  re- 
ported herein. 

4.  In  1943  the  flow  from  the  relief  wells  at  Commerce  and  Trotters, 
Miss.,  indicated  that  the  permeability  of  the  sand  aquifer  at  these  sites 
was  either  considerably  more  than  estimated  from  the  laboratory  tests, 

or  that  the  source  of  seepage  was  considerably  closer  than  assumed  in 

the  design  of  the  systems.  Therefore,  it  was  decided  to  perform  pumping 

tests  to  determine  the  permeability  of  the  sand  aquifer  at  Commerce  and 

at  Wilson  Point,  La,,  where  a well  system  also  had  been  installed.  The 
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results  of  these  pumping  tests  were  reported  in  1949.  At  the  time 
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these  pumping  tests  were  performed  the  ground -water  table  before  and 
during  pumping  was  below  the  bottom  of  the  top  stratum,  and  for  this 
reason  it  was  assvimed  that  the  type  of  flow  to  the  wells  was  of  the 
gravity  type  and  the  data  were  analyzed  accordingly.  Since  then  it 
has  been  concluded  that  the  flow  to  these  test  wells  was  more  nearly 
artesian  than  gravity  because  of  the  relatively  low  permeability  of  the 
upper  fine  foundation  sands;  i.e.,  the  flow  to  the  wells  from  the  prin- 
cipal water -carrying  aquifer  was  bounded  by  material  of  significantly 
lower  permeability.  Because  of  this  and  for  the  sake  of  completeness, 
the  data  from  the  pumping  test  at  Commerce  have  been  reanalyzed  and  the 
results  are  summarized  in  this  appendix. 

5.  At  the  time  the  second  relief  well  system  was  installed  at 
Trotters  5^  in  1950,  several  pumping  tests  were  performed  on  the  wells 
to  determine  the  over -all  horizontal  permeability  of  the  sand  aquifer. 
The  results  of  these  pumping  tests  are  summarized  herein. 

6.  In  1953  nnd  1954  the  horizontal  permeabilities  of  various  sand 
strata  in  situ  were  determined  at  several  sites  in  the  alluvial  valley 
of  the  Mississippi  River  in  connection  with  the  designs  of  relief  well 
systems  along  levees  in  the  St.  Louis  District  and  of  dewatering  and 
seepage  control  facilities  for  struccures  to  control  Old  River  which 
links  the  Mississippi  and  Atchafalaya  Rivers  45  miles  south  of  Natchez, 
Miss.  As  the  information  obtained  from  these  tests  has  an  important 
bearing  on  the  subject  of  permeability  and  design  of  seepage  control 
measures,  it  also  is  included  in  this  appendix. 
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Field  Pumping  Test,  Connserce,  Mississippi 


7.  The  pumping  tests  at  Commerce  were  performed  on  a well 
installed  at  sta  23/2+75,  325  ft  landside  of  the  levee  in  the  line  of 
pressure  relief  wells.  The  test  well  consisted  of  20  ft  of  5-in.  riser 
pipe  and  158  ft  of  screen  made  of  4-in.  ID  (6-in.  OD)  porous  concrete. 
The  screen  and  riser  pipe  were  installed  inside  an  8-in.  casing.  No 
filter  was  placed  around  the  porous  concrete  pipe.  Tests  were  run  at 
a well  penetration  of  lOC^  and  also  at  penetrations  of  about  75,  50,  and 
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3C^  by  progressively  backfilling  the  well  with  sand.  Piezometers  and 
observation  wells  were  spaced  out  from  the  test  well  at  fairly  close 
intervals  on  two  lines,  one  north-south  and  the  other  east-west.  Addi- 
tional information  regarding  the  well  installation  and  pumping  tests  may 
be  found  in  references  42  and  45. 

8.  The  drawdown  curves  obtained  dvtring  the  pumping  tests  are  shown 
in  fig.  Cl.  The  curves  extend  from  a point  10  ft  from  the  center  of  the 
well  to  a distance  of  1000  ft  from  the  well.  For  the  fully  penetrating 
well,  the  drawdown  cuarves  are  relatively  straight  lines  on  the  semilog 
graph  in  accordance  with  formula  8a,  and  the  rt iius  of  inf3.uence  averaged 
about  1000  ft.  The  curvatvire  of  the  drawdown  curves  for  the  tests  on 
partially  penetrating  well  screens  in  the  vicinity  of  the  well  is  a re- 
sult of  three-dimensional  flow  near  the  well.  The  rates  at  which  the 
well  was  pxmiped  and  the  corresponding  drawdowris  in  the  well  are  also 
shown  in  fig.  Cl. 

9.  The  computations  for  the  permeability  of  the  sand  substratum 
were  based  upon  the  upper,  flat  portion  of  the  drawdown  ciurves  for  all 
penetrations  assxsming  the  flow  lines  in  thin  region  of  the  foundation 
to  be  parallel  and  horizontal.  In  this  method  the  permeability  was 
computed  from  the  formula 


2.30  Q„  - 
■'f  = -2.a  (h^  - h^) 

and  the  values  of  permeability  thus  computed  are  summai'ized  in  table  Cl. 

10.  Table  Cl  shows  that,  except  for  the  test  on  the  fully  pene- 

z’  -4 

trating  veil  where  a coefficient  of  permeability  of  615  x 10  cm  pci  sec 
was  obtained,  the  peiTX-abilities  from  the  partially  penetrating  well  tests 

-4 

ranged  between  885  1200  x 10  cm  per  sec,  and  averaged  about 

_i. 

lC6o  X 10~*^  cm  por  sec.  The  reason  for  the  lower  perEcability  obtained 
in  the  fully  penetrating  test  is  not  Known.  However,  since  computations 
for  the  partially  penetrating  tests  were  based  on  the  portion  of  the 
drawdown  curve  distant  from  the  test  well  and  do  not  involve  a correction 
factor  for  partial  penetration,  the  results  should  be  ccmrarable  to 
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test  results  obtained  on  a fully  penetrating  well.  Therefore,  it  is 
believed  that  the  permeability  from  the  fully  penetrating  test  is  too 
low  and  the  horizontal  in-situ  permeability  of  the  substratvaa  sai^s  (k„) 
is  about  1000  x 10  cm  per  sec  at  Comcerce. 


Table  01 

Results  of  Pumping  Tests  at  Commerce 


Well  Penetration 


Coefficient  of  Permeability 

~h  , 

of  Foundation  Sand,  1 x 10  cm/sec 


N-S  Line 

E-W  Line 

Average 

560 

670 

615 

102Q 

1100 

1060 

llOQ 

1060 

1080 

885 

1200 

1040 

Average  of  all  tests  = 950 

Average  for  last  three  tests  = 1060  x lo'^  cm/sec. 


Field  P\mping  Tests,  Trotters  Mississippi 


11.  During  the  installation  of  the  well  system  at  Trotters  5*^^  in 
1950,  pumping  tests  were  made  on  wells  1,  I5,  and  30  to  determine  the 
over-all  horizontal  permeability  of  the  foundation  sands  at  this  site. 

In  addition  to  these  pumping  tests  for  which  drawdowns  were  observed  at 
considerable  distances  from  the  wells,  pumping  tests  were  also  performed 
on  each  well  in  which  only  the  well  flow  and  drawdown  in  the  well  were 
observed.  Also,  the  head  loss  through  the  filter  and  well  screen  was 
measured  by  means  of  piezometers  with  tips  placed  at  the  outer  periphery 
of  the  filter  around  the  well  screen.  These  latter  piezometers  were 
installed  at  both  the  top  and  mid-point  of  the  well  screen  at  wells  1, 

8,  15,  22,  and  30.  Drawdown  of  the  piezcmetric  surface  in  the  vicinity 
of  the  test  wells  was  measured  by  means  of  piezometers  installed  at 
fairly  close  intervals  out  from  the  test  wells. 


c6 


12.  The  relief  wells  at  Trotters  consist  of  6-in.  ID  redwood  pipe, 
slotted  with  3/l6-  to  l/U-  by  2-in.  slots j the  slots  have  an  open  axes. 
of  l8  sq  in.  I?he  screen  portion  of  the  wells  is  4o  ft  long  and  is  stir- 
rounded  with  a 6-in.  gravel  filter.  The  filter  has  an  estinated  pema- 
ability  of  about  5000  x 10~*^  cm/sec.  The  riser  pipe  is  also  of  6-in. 

ID  redwood  pipe. 

13.  Details  regarding  the  well  installation  and  the  pumping  tests 
at  Trotters  nsay  be  found  in  reference  51*  Only  the  pumping  test  results 
pertinent  to  a determination  of  the  permeability  of  the  sand  aquifer  at 
the  Trotters  site  are  summarized  in  this  appendix. 

Drawdown  curves 

14.  Drawdown  curves  obtained  from  the  pumping  tests  on  wells  1,  15, 
and  30  are  shown  in  fig.  C2.  The  elevation  of  the  water  in  the  wells  for 
three  different  rates  of  pumping,  the  radius  of  the  well  screen  and  of 
the  filter,  elevation  of  the  water  in  the  piezemeters  at  the  outer 
periphery  of  the  filter  at  the  top  and  middle  of  the  well  screen,  the 
water  table  before  initiation  of  the  pumping,  and  the  elevation  of  the 
water  in  the  piezometers  out  from  the  test  wells,  are  all  shown  on  this 
figure.  Normally,  drawdown  curves  for  artesian  flow  to  a fully  penetrat- 
ing well,  when  plotted  on  a semilog  graph,  are  straight  lines.  The 
curvature  of  the  lines  within  100  ft  of  the  test  wells  can  be  attribvited 
to  the  fact  that  the  well  screens  did  not  completely  penetrate  the 
pervious  aquifer.  The  drawdown  curves  shown  in  fig.  C2  indicate  that 
the  radius  of  influence  of  the  wells  tested  ranged  from  about  UOO  to 

500  ft. 

Head  loss  through 
filter  and  screen 

15.  The  difference  in  the  readings  of  the  piezometers  at  the  top 
and  middle  of  the  screen  for  wells  1,  I5,  and  30  showed  a significant 
amount  of  head  loss  in  the  screen  and  riser  portion  of  the  well  up  to 
the  bottom  of  the  suction  pipe  for  the  pump.  The  true  specific  yield 
for  the  wells  was  obtained  by  correcting  the  drawdown  of  the  wells  for 


m 

I 

I 


1 

1 

I 


The  be&d  less  'tlirough  the  filter  and  veil  screen  used  in  correcting 
the  drawdown  in  the  wells  was  obtairsed  fres  well  tank  test  results 
(fig.  C3)  as  follows:  The  flow  Eeasurecsnts  in  the  wells  sade  during 

the  1951  high  water,  at  different  depths  in  the  screen,  show  that  the 
inflow  at  tte  aid -point  of  the  screen  is  epproxirately  7^  of  the  aver- 
age screen  inflow  for  the  entire  length  of  screen. 5^  The  inflow  per 
foot  at  mid -point  of  the  screen  was  computed  for  various  assimed  well 
flows  and  the  resulting  head  loss  obtained  from  fig.  Ch.  These  head 
losses  were  then  plotted  against  the  assured  well  flows  in  fig.  C3. 
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Specific  yield  of  wells 

16.  The  average  specific 
yield  for  the  30  wells  installed 
at  Trotters  was  100  gpm.  The 
average  specific  yield  for  wells 
6-25  was  105  gP®.  The  yield  of 
wells  l-2h  was  extremely  uniform. 

Permeability  of  pervious  substratum 

17.  The  permeability  of  the 
pervious  substratum  as  determined 
from  the  previously  described  pump- 
ing tests  is  sumimarized  in  table 
02.  The  permeability  of  the  sand 
stratum  was  computed  from  the 
si''?''  of  a secant  drawn  through 
the  drawdown  curves  beyond  50  ft  from  wells  1,  I5,  and  30  (fig-  02)  using 
formula  8a.  In  using  this  formula,  it  was  assumed  that  the  flow  lines  in 
the  foundation  beyond  50  fb  from  the  well  were  parallel  and  horizontal. 

18.  The  permeability  of  the  f oundA.  bion  was  also  computed  from  the 
drav^down  in  each  of  the  wells  pumped.  This  permeability  was  computed 
usinj  che  specific  yields  adjusted  for  head  losses  in  well  and  from 
equation  8c  for  artesi'^n  flow  ;:ith  Muskat's  correction  factor  of 

Or  -0.63.  The  results  of  these  computations  are  also  summarized  in 


Fig.  C4.  Head  loss  through  filt--  ’ 
and  well  screen  as  measured  in  v/E? 
well  testing  tank 


tabic  C2. 

19.  The  average  permeability  of  the  foundation  computed  from  the 
drawdown  curves  for  wells  1,  15,  and  30  was  935  x 10  cm  per  sec;  the 
average  permeability  based  on  the  specific  yield  of  th''  30  individual 
wells  was  II80  x 10"*^  cm  per  sec;  the  average  permeability  of  the  central 
portion  of  the  well  system  based  on  wells  6 through  25  was  1240  x lO"^ 

cm  per  sec. 

20.  V/ell  flow  data  and  piezometric  data.  The  permeability  of  the 
pervious  stratum  at  Trotters  was  also  computed  from  1943  well  flow  and 
19r0  piezometer  and  seepage  data,  and  1951  well  flow  and  piezoraetric 
data. 


Table  C2 

Permeability  of  Medium  to  Coarse  Sand  Stratum 
Trotters  5^ 


A.  Permeability  from  Pumping 
Tests  on  Wells  1,  15 j and  30 


B,  Permeability  from  Pumping 
Tests  on  Individual  Wells 


Well  Discharge  ^ 


EPm 

220 

1005 

326 

766 

427 

902 

Average 

890 

202 

— 

351 

1121 

457 

1024 

Average 

1070 

196 

770 

320 

815 

422 

938 

Average 

840 

X 10"^  cm/sec* 

Average 

Minimum 

Maximum 

1180 

9C5 

1445 

1240 

905 

1445 

* kf  computed  from  equation  8c  with  Muskat's  correction  factor  of 
G = 0.63. 

21.  Summary.  The  permeability  of  the  pervious  foundation  along 
the  central  portion  of  the  well  system  at  Trotters  was  taken  to  be  the 
average  of  the  permeabilities  as  computed  from  the  following  data: 

a.  VJell  data  (1943)  and  piezometer  and  seepage  measurements 
(1950),  k^  = 1250  X 10"^  cm  per  sec. 

b.  Drawdown  curves  from  pumping  tests  on  \7ell  15,  k^  = IO70  x 
10“^  cm  per  sec. 

c.  Specific  yields  obtained  from  pumpir.g  tests  on  wells  6-25, 
k„  = 124o  X 10"^  cm  per  sec. 

^ -4 

d.  VJell  flow  and  piezometer  data  (I951),  k^  = 1500  x 10  cm 

per  sec. 


Cll 

The  average  of  the  above  values  indicates  that  the  pervious  substratum 

-4 

at  Trotters  has  a permeability  of  epproximatelj'  1250  x 10  cm  per  sec. 
Laboratory  and  Special  Pumping  Tests 


22.  In  1953 > special  pumping  tests  were  performed  on  several  wells 

in  the  Mississippi  Alluvial  Valley  about  UO  miles  south  of  St.  Louis,  Mo., 

to  measure  the  in-situ  horizontal  permeability  of  the  sand  aquifer  and 

54 

of  individual  sand  strata.  The  wells  fully  penetrated  the  alluvial 
sands.  The  tests  were  mads  for  the  purpose  of  accurately  determining 
the  permeability  of  the  sand  strata  for  estimating  flow  from  relief 
wells,  depth  of  screen  penetration  required  to  achieve  an  "effective" 
penetration  of  50^  (the  penetration  assumed  in  design),  and  to  compare 
the  actual  permeability  of  individual  strata  with  that  determined  in  the 
laboratory  by  means  of  mechanical  analyses  and/or  permeability  tests  on 
remolded  sampl"'s.  Similar  tests  were  made  on  a test  well  at  Old  River 
in  Louisiana. 

23.  The  horizontal  in-situ  permieabilities  of  the  various  sand 
strata  encountered  at  these  sites  were  determined  by  measuring  the  flow 
from  each  stratum  in  a fully  penetrating  well  screen  by  means  of  a sen- 
sitive well  flow  meter  at  the  boundary  of  each  sand  stratum  as  previously 
delineated  by  a boring  at  each  site.  The  horizontal  permeability  of 
eacii  stratum  tested  was  computed  from  formula  8b  for  artesian  flow  into 

a well  (the  nature  of  the  formations  was  such  as  to  cause  essentially 
artesian  flow) . 

24.  As  a part  of  these  studies,  mechanical  analyses  and  laboratory 
permeability  tests  were  made  on  samples  from  different  sand  strata  ob- 
tained by  means  of  auger,  bailer,  and  split-spoon  samplers,  and  a 3-in. 
Shelby  tube  (undisturbed  sampler),  and  on  samples  obtained  during  drill- 
ing of  the  wells.  An  attempt  was  also  made  to  correlate  the  coef- 
ficients of  permeability  as  determined  in  the  laboratory  and  in  the 
field  with  the  effective  grain  size  of  the  various  strata.  The  tests 

of  the  wells  also  included  determination  of  the  specific  yield  (flow 
per  foot  of  drawdown  in  the  well)  of  each  well,  drawdown  in  each  well 
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versus  time  of  pumping  at  a constant  rate,  drawdown  curves  to  each  well 
at  various  rates  of  pumping,  flow  versus  drawdown,  and  hydraulic  head 
losses  through  the  filter,  screen,  and  in  the  well.  These  tests  are  dis 
cussed  in  the  following  paragraphs. 

Test  wells,  piezometers,  and  borings 

25.  The  test  wells  were  8-in.  ID  and  were  of  the  types  and  in- 
stalled by  the  methods  given  in  table  C3. 

Table  C3 

Type  of  Test  Wells  and  Methods  of  Installation 


Well 

Number 

Type  of 
Well  Screen 

Filter 

Thickness 

in. 

of 

Vfell 

ft 

of  Well 
Screen 
ft 

Thickness 

ft 

Penetration 
by  Screen 

i 

H-I5IA 

Wood, 

3/16-in. 

slots 

6 

ICO 

66 

95 

70 

FC-105 

Wood, 

3/16-in. 

slots 

6 

120 

86 

95 

90 

OR-1 

Metal, 

None 

148 

99 

118 

86 

No.  12 
and  No. 
8 slots 


Note;  Wells  H-151A  and  FC-IO5  installed  by  reverse  rotary  method;  well 
OR-1  with  a bailer  and  casing.  Open  slot  area  in  wooden  screens  = 
27  sq  in.  per  linear  foot  of  screen. 


Fig.  C5  shows  a section  O'^  wooden  well  screen  used  in  wells  H-I5IA  and 
FC-I05.  The  well  flow  meter^^  (fis»  C^)  used  for  measuring  the  flow  in 
the  well  screen  consisted  essentially  of  an  impeller  rotating  about  a 
vertical  axis,  a yoke  containing  the  impeller  bearings,  an  adapter  for 
centering  the  yoke  in  the  well,  a cable  for  lowering  this  assembly  to  any 
desired  depth  in  the  well,  and  an  electrical  system  for  counting  impeller 
revolutions.  The  meter  was  calibrated  by  observing  the  rate  of  impeller 
revolution  (uutermined  electrically)  at  known  rates  of  flow  in  a vertical 
8-in.  ID  pipe. 

26.  As  holes  for  the  wells  were  advanced,  samples  were  taken  from 
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the  drilling  effluent  or  bailer, 
depending  on  the  method  of  in- 
stallation. With  the  equipment 
used,  it  was  not  possible  to  in- 
stall wells  H-I5IA  6ind  FC-105  to 
the  full  depth  of  the  sand  aquifer 
because  of  the  presence  of  leirge 
cobbles  near  the  bottom  of  the 
alluvial  valley.  The  wells  were 
installed  and  developed  as  de- 
scribed in  Part  VII.  The  grada- 
tion of  the  filter  placed  around 
the  screen  is  shown  in  fig.  C6. 

27*  Piezometers  to  measure 
the  drawdown  to  the  wells  were  in- 


stalled  in  the  upper  part  of  the 

sand  aquifer  on  ranges  perpendicu-  MM 

lar  and  parallel  to  the  river  j V 

(Only  data  obtained  from  the  lat- 

ter  rsinges  are  included  in  this  Fig.  C5*  Well  flow  meter  and  8-in. 

\ j ^ ID  wooden  well  screen 

appendix. ) Some  special  piezom- 
eters were  installed  at  various  depths  at  the  outer  periphery  of  the 
gravel  filter  around  vrells  H-I5IA  and  FC-IO5  to  measure  the  loss  in  Iiead 
through  the  filter  and  screen  and  in  the  well  (see  figs.  CJ  and  C8). 
Piezometers  were  installed  on  a line  from  well  OR-1  in  both  the  upper  and 
lower  sand  strata  found  at  the  site  of  this  well. 

28.  Before  installation  of  any  of  the  wells,  an  exploratory  boring 
was  made  at  or  immediately  adjacent  to  each  test  well  to  obtain  samples 
for  laboratory  tests  and  to  determine  the  stratification  of  the  sand 
aquifer.  A split-spoon  sampler  was  used  to  take  samples  in  a mudded 
hole  at  wells  H-I5IA  and  FC-105;  logs  of  these  borings  are  shown  in  figs. 
C7  and  C8.  A 3-in.  Shelby  tube  sampler  was  used  to  take  undisturbed 
samples  of  sand  in  borings  L3-2  and  L-8  adjacent  to  well  OR-1  (see  fig. 

C9  for  logs  of  these  borings). 


Fig.  C5*  Well  flow  meter  and  8-in. 
ID  wooden  well  screen 
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Fig.  C6.  Gradations  of  filter  gravel  and  foundation  sands 


Laboratory  tests 

29.  All  samples  obtained  from  the  borings  and  well  drilling  oper- 
ations were  classified  on  the  basis  of  the  Unified  Soil  Classification 
System^^  and  are  plotted  on  figs.  C7>  C3,  and  C9.  Grain-size  curves 
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Fig.  Cy.  Coefficient  of  permeability  and  effective  grain  size  of 
individual  sand  strata,  well  H-151A 

obtained  from  mechanical  analyses  of  the  samples  are  shown  in  fig.  c6. 

The  reference  numbers  shown  on  the  grain-size  curves  correspond  to  the 
reference  numbers  in  figs.  C7-C9.  The  effective  grain  sizes  of  the 

sanroles  tested  are  also  shown  on  these  figures. 
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Fig.  C8.  Coefficient  of  permeability  and  effective  grain  size 
of  individual  sand  strata,  well  FC-105 

30.  The  coefficient  of  permeability  was  determined  in  the  labor- 
atory on  a number  of  remolded  samples  obtained  by  the  various  sampling 
methods.  The  results  of  these  tests  are  plotted  in  figs.  C7-C9  at  the 
corresponding  elevation  at  which  the  sanqsie  was  taken.  Samples  obtained 
by  means  of  a split-sfoon  sampler  in  a mudded  hole  were  thoroughly 
washed  before  testing  to  remove  any  traces  of  drilling  mud.  Care  was 
taken  to  ^.icure  chat  no  natural  "fines"  were  lost  during  the  washing 

procesvi  , 

31.  The  coefficients  of  permeability  as  determined  in  the 
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Fig.  C9.  Coefficient  of  permeability  and  effective  grain  size 
of  individual  sand  strata,  well  OR-1 

laboratory  on  samples  taken  in  connection  with  wells  H-151A  and  FC-105 
were  adjusted  to  the  estimated  natural  void  ratio  for  each  sample  by  the 


, and  to  a temperature  of  20  C.  The 


fcrmula  _ ^ = x t -- 


permeability  tests  on  samples  obtained  from  the  borings  at  well  OR-1 
were  run  at  two  or  three  oifferent  void  ratios;  the  perroability  at 
the  estimated  natural  void  ratio  was  interpolated  from  these  data. 
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*nie  eatural  void  ratio  of  each  saimie  ia  Sxta  was  ^stiisated  from  the  D^q 
©Tiin  size  of  the  frisn  the  correlaulon  given  in  fig.  16. 

Field  pumning  test  procedures 

32.  Ismsediately  pri.ir  to  any  of  the  i^umping  tests-  the  ground- 
wazer  table  in  tlie  vicinity  j1  each  well  was  oeteiis?.GeC  by  reading 
adjacent  piezometers  and  wj^llo  previously  installed  on  a line  cut  from 
the  test  well  end  perpendicular  to  the  line  of  seepsg«:  I low  from  the 
river.  The  xrater-surfncv,  e3.evatior.  of  the  rivei  during  the  day  the  test 
was  run  vas  also  detemined*  In  general,  the  rl’-er  stage  was  quite 
stable  except  during  tee  test  on  cell  rC-lOp  when  the  /^ver  vas  falling 
it  a rate  of  ots  foot  a day,  requiting  in  a.  change  in  the  ground -water 
table  of  epproxirately  0,  i ft  .per  day.  The  measvu*ed  drawuovns  in  the 
well  ard  piezcccters  wci'e  adjusted  to  take  into  account  this  change  in 
tho  ground -water  table. 

35'  Ihie  piasping  tests  consisted  of  pumping  each  veil  at  tf^'se 
different  rates  of  flow  and  mea^ui'ing  the  drawdown  in  the  well  and  in 
adjacent  pie20ft.eters  ana  wells.  An  accurate  record  vas  kept  of  the  flow 
and  drawdown  in  the  well  with  time  (fig.  CIO).  In  pumping  the  volls  an 
effort  wa.^^  made  to  set  the  pr»nip  at  a ccnstsiht  rate  of  discharge  and  ther- 
let  the  drawdewa  in  and  adjacent  to  veil  beco/re  stabilizeu.  After 
the  drawdown  had  becoae  jtubilizod.  tbs  piezcceters  were  read  (fig.  Cil). 
The  flow  in  the  well  acreen  was  also  mesis'orel  at  cpec7.flsd  intervals  or 
at  charges  in  sand  strata  by  .teans  of  tJie  well  flow  r.eter,  IJeau  losses 
through  fne  filter  and  veil  screen  plus  those  inside  the  well  were  pleas- 
ured for  wells  K-I52/'  and  FC-I05  by  tho  apecial  niesorrsters  previously 
mentioned. 

Pumping  test  data 

3*J.  Toe  flow  to  the  test  veils  was  essentially  artesian  nccaube 
of  the  existence  cf  upper  and.  lo>-er  impervious  strata  bounding  the  prin- 
cipal sand  aquifer,  and  the  fact  that  the  water  in  the  well  was  not 
drawn  aown  below  the  top  of  the  riain  sand  etra-tias.  As  would  be  expected 
for  artesi'*’*  flow,  drswdowii  ?u  the  test  wells  stabilized  quite  rapidly 
at  a constant  rate  of  pompiriw  (see  fig.  CIO);  approximately  80^  stabi3,i- 
zation  was  achieved  in  15-30  s.\n  with  practically  full  stabilization  in 
2 hr. 
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35.  Weil  flow  and  drawdown  within  the  test  wells  and  in  the  adja- 
cent piezometers  are  shown  for  three  constant  rates  of  pumping  in  fig. 
Gil  together  with  the  elevation  of  Lhe  water  table  immediately  prior  to 
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the  start  of  pumping.  As  may  be  noted  from  this  figure,  the  drawdown 
curves  when  plotted  on  a semilog  graph  are  relatively  straight  lines. 

The  slight  curvature  within  20  ft  of  wells  H-I5IA  and  OR-1  can  probably 
be  attributed  to  the  fact  that  the  screens  for  these  wells  did  not  com- 
pletely penetrate  the  pervious  aquifer.  The  intersection  of  the  draw- 
down curves  with  the  outer  periphery  of  the  filter  or  well  screen  (for 
well  OR-l)  above  the  elevation  of  water  in  the  well  reflects  head  losses 
into  and  within  the  well.  In  this  connection  it  is  pointed  out  that 
the  tips  of  all  of  the  piezometers  except  those  adjacent  to  the  filter 
gravel  (wells  H-I5IA  and  FC-IO5)  and  at  el  -90  (well  OR-l)  were  at  the 
upper  part  of  the  main  sand  aquifer.  It  is  of  interest  to  note  that 
the  drawdown  curves  obtained  from  the  deep  piezometers  at  well  OR-l  are 
essentially  parallel  to  but  slightly  above  the  curves  obtained  from 
readings  of  the  upper  piezometers.  The  vertical  difference  between  the 
two  curves  for  the  same  rate  of  pumping  is  approximately  equal  to  the 
head  loss  inside  the  well  screen  between  el  -10  and  -90. 

36.  The  radius  of  influence  was  approximately  the  same  for  the 
different  drawdowns  tested  (see  fig.  Oil  and  table  C4). 

Table  C4 

Radius  of  Influence  of  Test  Vfells 


Well 

Number 

Drawdown 

ft 

Distance 

to 

Riverbank 

ft 

Radius  of  Influence 
Measured  Parallel 
to  Riverbank 
ft 

Remarks 

H-I5IA 

0.9  to  3.5 

1050 

550  to  650 

— 

FC-105 

0.9  to  2.6 

3000 

ICCO  to  IICO 

— 

OR-l 

3.9  to  8.3 

9C0 

14C0  to  I5CO 

Upper 

piezometern 

IICO  to  1200 

Lower 

piezometers 

I 

I 37*  The  yields  for  the  test  wells  are  plotted  in  fig.  C12  for 

various  drawdowns.  The  specific  yield  or  specific  capacity  of  each  well 
is  as  follows;  well  H-I5IA,  221  gpm;  well  FC-IO5,  378  well  OR-l, 

55  gpni*  The  drawdown-well  flow  curves  shewn  for  the  test  wells  in 
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fig.  C12  are  straight  lines  for  well 
flows  up  to  approxinately  400  gpm, 
thus  indicating  that  the  flow  to  the 
test  wells  was  essentially  ajrtesian. 

The  reduced,  increase  in  well  flow  for 
corresponding  drawdowns  for  flows  in 
excess  of  4CX)  gpm  for  wells  H-I5IA  and 
FC-IO5  may  be  attributed  to  increased 
screen  entrance  losses  and  hydraulic 
head  losses  within  the  veil  screen 
and  riser  pipe  resulting  from  the 
high  flows, 

38.  The  head  loss  through  the 
filter  am  screen  as  nsasured  by  pie- 
zomters  located  at  the  cuter  periphery 
of  the  filter  gravel  for  wells  H-I5IA 
and  FC-105  is  plotted  in  fig.  CI3. 


«•«««  «*« 
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Fig.  C12.  Drawdown  in  well  vs 
well  flow 


Tne  flow  through  the  screen  at  the 
location  of  the  piezometer  tips 
was  obtained  frraa  well-flow-iseter 
readings  made  in  the  well  screen 
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Fig.  CI3.  Head  loss  thro 
filter  and  5.^11  screen 
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immediately  above  and  below  the  piezometer  tips.  The  head  loss  through 
the  filter  and  screen  as  plotted  in  fig.  C13  was  taken  to  be  equal  to 
the  piezometer  readings  minus  the  elevation  of  the  water  in  the  well, 
minus  the  computed  hydraulic  head  losses  in  the  well  screen  and  riser 
pipe  from  the  elevation  of  the  piezometer  tip  to  the  bottom  of  the  suc- 
tion pipe  in  the  well.  As  may  be  noted  om  fig.  C13,  the  head  loss 
through  the  filter  and  wooden  well  screen  ..^s  quite  small,  amounting  to 
only  about  0.10  to  0.25  ft  for  a flow  through  the  well  screen  of  10  gpm 
per  ft  of  screen.  These  observed  head  losses  con^are  quite  favorably 
with  head  losses  measured  for  a similar  well  and  filter  installed  in  a 
well  testing  tank  (see  fig.  C4).  The  slightly  higher  entrance  loss 
measured  in  the  laboratory  can  be  attributed  to  the  fact  that  the  lab- 
oratory test  well  had  an  inside  diameter  of  6 in.  with  a total  open  area 
of  slots  of  10.5  sq  in.  compared  to  the  27  sq  in.  per  lin  ft  of  screen  of 
wells  H-151A  and  FC-IO5. 

39*  The  lengths  and  depths  of  the  screens  of  the  various  test 
wells  in  relation  to  the  depth  and  stratification  of  the  sand  aquifer  in 
which  the  wells  were  installed  are  shown  adjacent  to  the  well  log  in 
figs.  C7-C9.  The  locations  at  which  well-flow-meter  readings  were  taken 
and  their  relation  to  the  stratification  of  the  sand  aquifer  are  also 
shown  on  these  figures. 

40.  The  coefficient  of  permeability  of  individual  sand  strata  as 
obtained  from  the  pumping  tests  and  well-meter  readings  and  computed  by 
equation  8b  is  plotted  as  a bar  graph  to  the  right  of  the  well  log  in 
figs.  C7-C9.  Also  plotted  on  these  graphs  are  the  average  permeability  of 
the  sand  aquifer  as  determined  from  the  pumping  tests  and  the  coefficient 
of  permeability  as  determined  from  laboratory  tests  on  samples  taken 
from  the  various  sand  strata  as  indicated. 

Analysis  of  ptimping  test  data 

41.  Too  few  mechanical  analyses  and  laboratory  permeability  tests 
were  made  on  samples  of  sand  from  the  well  drilling  effluent  from  wells 
H-I5IA  and  FC-IO5  to  permit  a conqjarison  of  effective  grain  size,  grain- 
size  curves,  or  laboratory  permeabilities  with  samples  obtained  by 
split-spoon  sampling  in  adjacent  borings.  Even  if  more  laboratory  tests 
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had  been  mde,  comparisons  probably  would  not  have  been  truly  valid  be- 
cause of  the  high  degree  of  stratification  and  variation  of  grain  size 
in  the  semd  strata  at  the  sites  for  these  two  wells. 

42.  At  weLl  OR-1  the  variation  in  grain-size  characteristics 
within  any  specific  sand  stratum  wus  much  less  than  at  the  other  test 
wells.  In  fact,  the  sands  within  the  same  general  sand  stratum  were 
quite  uniform  not  only  with  depth  but  also  horizontally  between  borings 
which,  at  this  well,  were  50  ft  apart  (see  figs.  c6  and  C9).  A compar- 
ison between  D^q‘s  , laboratory  permeabilities,  and  field  permeabilities, 
based  on  averages  of  the  data  shown  in  fig.  c4  is  given  in  the  following 


cable. 


Table  C5 


Comparison  of  Average  Values  of  and  k of  Samples  Obtained 
with  Shelby  and  Bailer  Samplers , Well  OR-1 


Approximate 

Stratum 

Elevation 


Boring 
and 
ler 


Grain  Size 
No,  of  Dj 
Samnles  mn 


Coefficient  of  Permeability  x 
10"^  cm/sec 


No.  of 
les 


Avg  kjj 
Field 


-103  to  -118  LS-2 
L-8 
Vffi-1 


* Sample  obtained  with  3-in.  Shelby  tube. 
**  Sample  obtained  with  bailer  sampler. 


43.  As  may  be  seen  from  table  C5  and  fig.  C9,  for  the  very  uniform 
sand  strata  at  the  site  of  well  OR-1  both  grain  size  and  permea- 

bility of  sand  samples  obtained  by  the  two  samplers  were  in  agreement. 
This  agreement  is  attributed  to  the  uniformity  of  the  sand  strata,  th_ 
uniform  grading  of  the  sand,  and  to  careful  sampling  of  the  material 
brought  out  in  the  bailer. 
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44.  Where  the  grain  size  of  sands  is  widely  graded,  sajnples  ob- 
tained with  either  a piston-  or  flap-tyi<e  bailer  are  not  as  representa- 
tive as  those  obtained  with  a split -spoon  or  Shelby  tabe  sainpler. 

45.  Although  the  peroeability  meusured  during  the  pvmrping  tests 
varied  considerably  within  a given  sand  stratum  of  the  san£  classifica- 
tion, a definite  general  relationship  exists  between  classification 
(or  D^q)  and  kg  . As  would  be  expected  in  the  alluvisJL  valley  of  the 
Mississippi  River,  permeability  generally  increased  with  depth  et  the 
sites  of  the  test  wells. 

46.  Although  the  permeability  of  the  bottom  strata  in  well 
H-I5IA  (computed  from  the  field  pumping  tests)  was  scnswhat  lower  than 
that  of  the  upper  strata,  the  actual  permeability  of  the  bottom  strata 
is  probably  as  high  as  that  of  the  strata  immediately  above.  The 
apparent  lower  permeability  may  be  explained  by  the  fact  that  the  well 
screen  did  not  completely  penetrate  the  bet .om  strata  for  this  well  and 
thus  flew  into  this  portion  of  the  well  screen  was  less  than  it  would 
have  been  if  the  screen  had  conpletely  penetrated  the  bottom  strata. 

47*  The  coefficients  of  permeability  determined  in  the  labora- 
tory on  remolded  samples  are  plotted  at  appropriate  elevations  on  the 
bar  graphs  of  figs.  C7-C9.  In  general,  little  agreement  was  found  be- 
tween the  laboratory-determined  permeabilities  of  remolded  sanples  and 
those  obtained  from  the  field  pumping  tests.  There  is  no  reason  why 
the  permeabilities  should  agree,  particularly  where  the  aquifer  is 
stratified  and  lenses  of  coarse  sand  and  fine  gravel  exist.  Generally, 
for  any  given  stratum,  the  field  permeabilities  exceeded  the  normally 
determined  laboratory  permeability  by  two  to  four  times. 

48.  Plots  of  effective  grain  size  versus  coefficients  of  permea- 
bility as  determined  in  the  laboratory  on  remolded  samples  end  from 
pumping  tests  on  approximately  100^  penetrating  well  screens  are  shown 
in  fig.  Cl4.  (The  used  in  the  plot  for  the  pumping  test  is  the 

average  D^q  for  the  specific  stratum  tested.)  A great  deeO.  of  scatter 
of  the  points  is  apparent  for  both  sets  of  curves.  No  attempt  was  made 
to  relate  the  permeability  as  measured  in  the  laboratory  or  field  to 
the  uniformity  or  shape  of  the  grain-size  curve.  Some  of  the  widely 
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Fig.  ClU.  Sunacary  of  coefficient  of  pern^>  bility  vs 
effective  grain  size 

graded  grain-size  curves  plotted  in  fig.  C6  really  represent  a mixture 
of  alternating  strata  of  fine  or  medium  sand  and  coarse  sand  or  fine 
gravel,  aiui  such  deposits  in  their  natural  state  may  have  horizontal 
coefficients  of  permeability  that  are  quite  high. 

k$.  The  graphs,  in  fig.  Cl4  are  not  considered  particularly  ac- 
curate but  the  graph  showing  the  relation  between  D-i^  and  field 
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peiujeability  kg  lay  be  of  use,  in  tbs  abu'ence  of  pushing  test  data,  to 
engineers  conceimd  with  seepage,  water  supply,  or  irrigation  probless 
in  the  Mississippi  River  Valley. 

Smssary 

50.  Laboratory  tests  on  reiiolded  sand  saoples,  regardless  of  how 
the  sample  was  Ojtair^d,  do  not  give  reliaible  coefficients  of  permea- 
bilities for  estimating  the  seepage  or  water -carrying  capacity  of  saM 
strata  in  the  Mississippi  Valley. 

51.  As  far  as  grain-size  characteristics  go,  reasonably  reli^ls 
sas^les  can  be  obtadned  from  uniform  sand  deposits  with  either  a Shelby 
tube,  split-spoon  sampler,  or  bailer,  provided  the  san5>ling  is  properly 
done.  However,  seme  saM  grains  smaller  than  a Ito.  IXX)  sieve  may  be 
lost  in  bailer  sampling.  For  stratified  deposits  or  where  the  sands  are 
Bare  widely  graded,  a Shelby  tube  or  ^lit-spoon  saispler  should  be  used. 

52.  For  determining  the  permeability  of  J^-^ividual  strata  of  a 
sajjd  aquifer  the  cost  accvirate  procedure  is  considered  to  consist  of  a 
piimp-ing  test  of  a Well  with  the  screen  penetrating  all  of  the  sand  strata, 
auid  measurensnt  of  the  flow  within  the  well  screen  wita  a well  flow  ceter 
at  strata  changes,  as  described  in  this  appendix.  Th<'  changes  in  strata 
may  he  determined  by  a nearby  boring  in  adx'ance  of  the  test,  or  logged 

as  the  hole  for  the  well  is  advanced. 

53.  permeabilities  of  sand  aquifers  in  the  lilssissippi  River 

Valley  may  be  reasonably  estimated  from  the  relation  between  and 

Kh  ::;iven  m fig'.  ci4v. 
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D.  rmm  sh&y  of  cxsibol  of  uHaiffiEPA(2 

BY  RELIEF  HELLS 

1.  A r>f  tbs  ^stral  study  of  raethods  for  coatrolHug  -misr- 
seepage  along  levoes  in  tbs  Lever  Mississippi.  River  Valley  includei  the 
inst*-i!lctiGo  aM  testing  a full-scale  relief  well  systen  at  Trotters  5^ 
(see  plates  84  and  87).  A full  report  on  the  design,  installation,  am 
testing  of  tais  systea  iss  previously  been  publisl^.^^  However,  in  view 
of  the  isportance  of  this  particular  study  to  the  subject  of  uiaier?e«page 
aM  its  control,  it  is  sussarized  in  this  appeiaiix. 

2.  Tas  pricary  purmses  of  installing  tl^  mw  relief  well  systaa 
at  Trotters  were  to  ca^  a full-scale  field  test  of  the  efficacy  of  a 
relief  well  system  and  to  obtain  more  hmwledge  concerning  tte  action  of 
relief  well  systeas  in  gemral.  Ottier  pirposes  of  tte  study  were: 

a.  Ito  determine  the  distribution  and  asomt  of  hydrostatic 
pressure  in  ti^  pervious  svdjstrattsa  with  and  without  re- 
lief wells  in  operation,  including  the  head  between  the 
iffiUs  and  Im'jdward  of  t^  wjU  system. 

b.  To  estimte  tbs  "effective"  source:  of  ui^iez'seepage  ai^  tbo 
ansjunt  of  u^erseepage  with  and  without  relief  wells  in 
oj^ration. 

c.  To  deteroane  the  effect  of  different  well  spacings  on  the 
reduction  of  substratum  psessure  and  well  flow. 

3.  Basis  for  selection  of  tte  site  at  Trotters  54  for  an  ejcpejri- 
iosntal  relief  well  installation,  geology  aM  foundation  conditions, 
history  of  uiaierseepage,  aivi  the  source  of  seepage  at  the  site  aie  dis- 
cussed in  Fart  IVa- 


Cbserved  Hydrostatic  Pressure 

4.  Piezesseter  data  obtained  during  the  1950  hi^  water,  befoie 
wells  were  installed  at  the  site,  are  shown  on  plate  97*  During  this 
hl^  watei  tte  river  stage  reached  an  elevation  of  about  13.8  ft  above  the 


average  groum  surface  laMvard  of  the  le'vee  and  15*7  ft  above  the  wnter 
elev^fcf.on  in  the  drainage  ditch  paralleling  the  toe  of  the  seeps^  berm. 
The  raximum  hydrostatic  pressure  observed  at  the  toe  of  the  seejja^  bem 


vas  3,0  ft  above  the  average  ground  sttrfacs  or  4.9  it  above  tbe  tailJiater 
in  tbe  dmlnage  ditch,  or  3^  H and  H,  lespectiveiy. 

5.  At  tie  1950  crest,  excess  j>resstires  above  -Ge  grcxind  surface 
irere  observed  as  far  as  3500  ft  landward  of  tbe  tee  of  tbe  se^aa^  beis. 
Data  obtaixed  from  a 11  te  of  plezaaeters  perpendicular  to  the  levee  In- 
dicated that  East  of  seejage  j»ssing  l^neath  the  levee  was  rising  to 
tire  surface  in  a strip  abcait  ^X>  ft  wide  along  the  toe  of  IJre  seesjrege 
hens. 


Design  of  ifell  Systea  and  Appurteatnees 


ttell  system 

6,  Criteria  of  design.  The  experisental  well  syst^  at  !Erotters 
was  designed  for  two  different  cases.  Case  A was  Iresed  os  the  assis^ion 
that  all  flow  fraa  tiK;  well  system  either  wtwld  be  pusped  over  the  levee 
or  that  laitural  flow  conditions  would  he  such  that  the  water  in  tbe  col- 
bsetor  ditch  would  not  rise  above  el  I78  and  that  tire  artesian  head  land- 
ward of  the  levee  would  rret  rise  above  the  grouid  surface  (el  I80).  Thus, 
little  mtural  seepage  would  develop  landward  of  tbe  wellr.  and  it  ccmld 
be  assumed  that  the  landward  top  stratum  would  be  analogous  to  an  im- 
pervious top  stratum  case.  For  this  case  tire  maxlBam  allowable  head  be- 
tween wells  P would  be  8.4)t  H. 

7.  Case  3 was  based  on  tire  assusption  that  the  flow  frea  tire  wells 
woxxld  not  be  ptngred  aM  that  the  tailwater  over  the  wells  would  be  at 

el  100  aid  tbait  the  rret  bead  between  wells  would  not  be  creie  than  2 ft 
above  tire  natural  gitnixd  surface,  or  7*2^  H.  In  this  case  tire  t<gj  stratus 
landward  of  the  walls  was  assxsed  to  be  only  relatively  Irmervious 
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» 2 X lO"^  cm/secj  . 

8.  Most  formulas  and  model  test  data  available  for  tire  design  of 
relief  well  systems  are  based  on  an  infinite  line  of  wells.  In  the  design 
of  tire  flutters  relief  well  system  it  was  decided  to  salce  the  system  only 
long  eireu^  (l450  ft)  to  provide  a central  section  of  about  1000  ft  which 


■.  ' 


would  be  affected  zelatively  .little  by  eni  effects.  imll  syst^  as 
fimlly  desigaed  consisted  of  3G  veils  sisced  on  50-ft  centers. 

9.  Eases  of  design.  Tbe  foUowis^  asstcigrtions  and  values  were 
used  in  ^signing  Trotters  relief  well  systes: 

a.  Effective  well  radius  ty.  * ID  in.  = 0.833  14. 

b.  Infinite  iirs  source  of  seepage,  parallel  ta  as  infinite 
line  of  relief  wells,  ass^E^ed  in  ccssraiting  well  fl«»  asA 
bead  between  wells.  Bid  effects  were  considered  in  <^g:ut- 
ing  total  flew  fres  systes. 

£.  Distance  frm  source  of  seepage  to  lir^  of  weHs  s = ^X>  ft. 

d.  Ihickness  of  top  stratus  « 10  ft.. 

e.  l^dckness  of  pervious  stratus  d = ^ ft. 

” -It  / 

f.  Perseabili-^  of  i^rvicais  stratasa  = 1^0  x 10  c^^see. 

g.  PcMstration  of  well  screen  bas^  on  pene'^ation  OT 
principal  pervious  aquifer. 

10.  Tbe  fonsilas  sxA  insdel  data  used  in  carputisg  tte  ^rformnee 
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of  the  Trotters  well  systes  for  case  A were  Jervis'  design  curves  and 
WES  sodel  A-a-1.  Cogjutation  of  iiA  i^rforeaace  of  the  systaa  for  case  B 
wa^  based  on  WES  is>del  A-a-2.  design  curves  am  sodel  data  are 

presented  in  Part  VI  of  ti^  rain  rejKsrt  and/or  in  At^Ddix  A.  AH  mdel 
data  were  adjusted  to  tl^  foumaiion  conditions  existing  at  Trotters  aei 
the  veils  used  at  Trotters. 

11.  Design  cggpitations.  All  values  given  in  the  following  para- 
graphs pertaining  to  cragsutation  of  well  flow,  laidward  pressure,  and 
seemge  are  based  on  an  infini-te  line  of  wells  unless  otfacuvise  stated. 

•Rie  i^rforsance  of  the  Trotters  well  systei;  was  cos^ated  for  well  spacir.gs 
of  100  ft  aM  a screen  i^netration  of  descril^  belov. 

12.  Case  A.  For  W = 5C^  and  a =*  50  ft  , was  cosputed  frexa 

Jervis'  curves  to  be  9*0  gpn  ft  H and  9*0  tsesa  IffiS  ssotol  A-a-i 

adjusted  to  the  Trotters  site,  P was  ccssputed  fi<»  Jervis*  curves  to 

be  4,1^  H and  6,^  H fros  VES  Er>del  A-a-i. 

13.  Case  B.  Vft'li  flow,  nataxrsl  seepa^  (no  w^Hs),  ES.t\»ral  seepa^ 
(with  vs1Xs)f  and  tesd  between  wells  all  as  ccigsuted  Sr<m  HES  cs^l 
A-a-2  are  as  follows: 

0^  = 7.6  gps  per  ft  H . P = 6.2$  H 


■»tuxsl  seepi^  (no  v&lXs  ) -g-  * 0.6  per  50  rt  of  Jjsv&e 


■iiturWI  seepa^  (vlih  wlls) 
levee 


« 1.0  gpE  50  ft  Of 


Total  flew  (well  plus  seejage)j  Qg  ^ ^ * 8*6  gps  mr  ft  H 
^ ft  of  levee 

Increase  in  total  flisr  due  to  wells  * 29)t  . 
i^l-.  Ihe  design  anrves  for  l^sd  between  wells  aM  well  flow  are 
sl^wn  for  cases  A and  B oa  fig.  Dl.  curves  for  P/H  do  m>t  include 

any  screen  or  l^'draullc  bead  Icsses  in  the  well.  Sk  perforssace  of  the 
wells  near  the  of  the  systss  «%s  expected  to  be  influence  by  eM 
effects  "bit  the  cfaqsited  P/H  xentTe  considered  applicable  to 

■Sk.  central  portion  of  tls  system 

15.  Screen  entrance  ai^  l^’drtsilic  bead  losses  in  the  well  were 
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^ig.  Dl.  Well  flow'  a»i  bead  'oetween  wells 


collated  frcsa  fig.  K am  added  to  c<»mted  head  iwfereea  t>^  veils 


Head  on  v^U  systes  for  tnt>ject  flom 
Ifell  fto.',  Qy, 

G^suted  r 

Entrance  aid  well  loss,  ^ 

!Itotal  tead  l^tsreen  wells  (project  flixd,) 
Head  between  wells 

l£.  Well  screen,  gravel 
filter,  aid  riser  p: 


screens  consist  of  6-in.-3S  redwtxd 
pipe  slotted  with  3/l6“  to  l/4-  by  •* 
2-in.  slots.  Ths  slots  teve  an  ojen 

»> 

area  of  3B  sq  in.  s««en  por-  • 
tion  of  each  well  is  ftO  ft  long.  It  | 
is  surrtsnded  with  a 6-in.  layer  of  | 
filter  gmvel  (see  fig.  D3)  exteid-  *■ 
ing  froa  1 ft  bejxnr  tte  plug  in  tte 
tK>tt<»  of  tls  screen  to  1 ft  above 
the  tm#  of  tbs  screen.  Hie  design 
of  this  filter  was  prirarily  based 
on  the  filter  criterion  ~ 


filter 


Case  A 

29.7  ft 

3CO  gm 
2.1  ft 

0.9  ft 
3.0  ft 
7 to  10 

? * j t I I I 

• h,  * fc,  ♦ H*  * 


C^se  B 

27.7  ft 
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2.0  ft 
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- I Ml 
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watnii 

mw 

< 5.0  . filter 


Pig.  IS.  tesmted  losses  ir 

w^Us  for  mtaral  condition 


has  an  estimted  j^rcffabnity  of  about  5CC0  x 10  ay  sec.  ainlsaffii 

of  tte  filter  is  1.2  tims  the  slot  width  of  the  wiell  screen.  De- 
tails of  the  well  are  sham  in  fig.  lA. 

17.  The  tc^s  of  riser  pirns  are  capjed  with  brass  flap  "valves 
which  nay  be  used  to  dose  the  wells  or  throttle  tl«  tlXK  if  desired. 

The  weUs  are  kept  closed  when  there  is  m toad  against  the  le'/ee. 


ra.Ttm  assneagg 
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Uteh. 

asUector  ditch  for  tte  is 

rfwut  3.5  ft  aisi  has  a bottcs 
vidUi  of  3 ft-  It  is  vita 

waws  ccscrete  u:s3er3ain  vita  a 
2-in-  blanVet  of  vell-grai^. 
o»rse  sand  (^e  fig.  i^). 
wslag  b&s  a thlckzaess  of  6 ia. 
ia  the  bott^  of  the  dit<^  am 
% In-  on  ti^  side  slx^s. 
dit<±  has  a c^mcity  of  ato-it 
^ cfs. 

19.  toatrol  cul^fart.  A con- 
trol culvert  throogh  the  sublavee 
at  the  doimstreas  end  of  the  veil 
systm  (plate  83)  consists  of  a 
30-in.  corrugated  pipe  and  a iOi 
Ca3Lco  ^te-  ®is  culvert  vUl  i^ss 
the  total  estleated  nexlsart  flcv 
Irts  the  well  systm,  pliis  the 
rumff  fits  tte  levee  into  ti» 
^iblevee  ‘main,  vitl^st  over- 
flj^rtEs  tte  aiblfivee.  ma- 
trol  culvert  will  |^s  tte  mxi- 
ma  well  sys^»  tl:^  for  mse  B, 

^ = 17  cfs,  irtth  a hma  of  O.5  ft 
or  water  elevation  at  tte  aiddle 
of  ti^  sjst«  of  2B>.7. 


Installatioa  of  ’^U 


Fig.  lA.  Belief  well 
am  TOllector  ditch 


20.  teles  for  toi 

weUs  at  Trotters  veie  mde  by  tte  reverse -rotajj'  mtted  as  described  in 


ftrt  VII. 


d8 


21.  After  development  of  the  well  by  surging,  a pung>ing  test  was 
run  to  determine  the  flow  for  various  drawdowns  in  the  well.  The  well 
flows  for  these  drawdowns  usually  ranged  from  200  to  5OO  gpm.  No 

was  observed  in  the  effluent  from  any  of  che  wells  during  the  punning 
tests. 

Analysis  of  Well  Flow  and  Pie2orf.eter  Data 

22.  Operation  of  the  relief  well  syst-^m  was  observed  during  high- 
water  periods  in  1951  and  1952.  The  maximum  head  on  the  well  system 
was  about  7*5  ft  in  1951  and  10.2  ft  in  1952.  During  both  high  waters 
the  well  system  was  operated  on  both  50-  and  100-ft  centers;  also,  during 
each  high-water  period  the  wells  were  cong>letel3''  closed  and  substrattim 
pressures  and  seepage  flows  were  measured.  Piezometer  readings  and  well 
flows  were  observed  at  frequent  intervals  for  different  well  operating 
conditions. 

23.  The  general  operating  procedure  was  to  allow  the  system  to 
operate  with  the  wells  on  50-f''  -enters  up  to  about  crest  stage,  at  which 
time  every  other  well  was  closed  so  as  to  create  a system  with  wells  on 
100-ft  centers;  tJfter  obtaining  well  flow  measurements  and  piezometer 
readings  for  both  of  these  conditions,  the  well  system  was  closed  and 
piezometer  readings  and  seepage  measurements  made.  After  ob-aining  these 
measurements,  all  wells  were  then  reopened. 

Well  flow 

24.  0?he  individual  well  flows  were  measured  by  a special  well 
flow  meter  which  could  be  lowered  into  the  wells.  The  flow  in  the  col- 
lector ditch  v.',s  measured  at  the  downstream  end  by  cross  sectioning  the 
stream  and  measuring  the  velocity  of  flow  by  means  of  a midget  Gurley 
flow  meter. 

25.  The  average  of  individual  well  flows  per  foot  of  net  head  for 
all  data  obtained  during  rising  river  stages  during  the  1951  and  1952 
high-water  periods  is  shown  by  fig.  D5.  (Well  flows  for  a = ICO  ft  during 
1952  high  water  are  not  shown  because  well  meter  was  apparently  net 
functioning  properly.)  The  average  flows  per  foot  of  net  head  on  the 


i 


ill  mi  I 


iiiii,ii 


«tu.  NUMMR 


AVeHACE  WCLLfUOW  FcOW  iH  CPM  ^OOf  HgT  HgAQ 


hlOH  WIA1 ycmoQ 
\9tl  ii&2 

•2  •• 

C t 
if.i 
*tz 


WELLS  WELL  S»»ACiXC 

ALL  WELLS  SO>ET 
WELLS  S*2S 

•06-  FT 
100  - ET 


SIMA&l, 

I WtLI,  fLOW  WI1M  WELLS  OH  lOO-FT  CENTERS 
n WELL  FLOW  WITH  WELLS  ON  SO  - FT  CENTERS 


Pig.  D5.  Individual  well  flow  per  foot  of  net  head 
(1951  and  1952) 

systen  for  wells  6 tiirough  25  are  also  tabulated  in  fig.  D5  for  well 
spacings  of  both  50  and  1(30  ft.  Well  Hows  in  the  center  of  the  system 
for  a 50-ft  well  rpacing  averaged  about  8.5  gpm  in  1951  and  about  8.1  gpm 
per  well  in  1952  and  ccjpare  fairJLy  well  with  the  predicted  flow  of 
9.1  gpm.  Tlie  average  individual  well  flow  per  foot  of  net  head  with  the 
wells  cn  100-ft  centers  was  l6.2  gpm  in  1951  and  11. 3 gpm  in  1952  com- 
pared to  the  predicted  flow  of  16.8  gpm.  It  is  pointed  out  that  on 
2 April  1952,  with  the  wells  on  ICO-ft  spacing,  the  collector  ditch  flow 
exceeded  the  sum  of  the  well  flows  by  50^*  This  discrepancy  is  attributed 
to  improper  functioning  of  the  well  flow  meter  for  this  test.  If  the  flow 
measiirements  in  the  collector  ditch  were  correct,  then  the  average  flow 
from  the  wells  on  ICO -ft  centers  would  be  about  I6.9  gpm  per  foot  of  net 
head  on  the  system  con^sared  to  the  predicted  flow  of  16.8  gpm.  The  bar 
diagrams  on  fig.  D5  show  that  in  general  the  wells  at  the  end  of  the  sys- 
tem discharged  more  than  the  wells  in  the  central  portion  of  the  system. 
This  trend  is  attributed  to  increased  flow  caused  by  end  effects. 

26.  The  relationships  between  well  flow  and  net  head  on  the  veil 
system  are  shown  in  fig.  d6  for  the*  1951  and  1952  high-water  periods.  It 
can  be  seen  that  the  1951  a.id  1952  well  flows  are  similar  up  to  a net  head 
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of  about  5 ft,  and  that  the  well  flow 
varies  linearly  with  net  head  up  to  about 
5 ft  in  the  well  system.  For  net  heads 
greater  than  5 ft,  the  1951  well  flows 
increased  at  a rate  greater  them  the  rate 
of  net  head  increase;  and  after  the  crest 
of  the  flood  had  occurred,  greater  well 
flows  were  obtained  at  a given  head  than 
the  flows  occurring  under  the  same  head 
before  the  crest  had  occurred.  The  1952 
data  indicate  a nesirly  linear  relation- 
ship between  flow  and  net  head  for  the 
* “ heads  experienced  during  rising  river 

j stages.  As  in  1951»  after  the  crest  of 

well  flow,  a = 50  ft  the  flood  had  occurred,  greater  flows  re- 

(1951  and  1952)  ^ u ^ 

suited  vinder  the  same  head,  inasmuch  as 

the  flow  from  the  relief  well  system  should  vary  linearly  with  the  net 
head  on  the  system,  provided  the  distance  to  the  effective  source  of 
seepage  remains  constant,  the  occurrence  of  a greater  flow  under  a given 
net  head  erfter  the  crest  of  the  ilood  has  passed  is  attributed  to  a de- 
crease in  the  distance  to  the  effective  source  of  seepage. 

27.  Flow  from  the  well  system  was  carried  by  the  outfall  ditch, 
located  at  the  end  of  the  system  and  landward  from  the  levee,  without 
overflowing  at  any  point  during  both  the  1951  and  1952  high-water  periods. 
Substratum  pressure 

28.  PiezOBffiter  gradients  along  line  M for  the  1952  hi^-water 
period  with  and  without  the  relief  well  system  in  operation  are  shown  in 
fig.  D7*  The  piezometric  data  plotted  on  this  figure  show  that  very  little 
substratum  pressvure  developed  along  or  landward  of  the  line  of  wells  when 
all  wells  were  open.  Only  in  a few  isolated  areas  landward  of  the  well 
systems  was  there  any  excess  head  above  the  ground  surface.  A prime  rea- 
son for  there  being  no  head  above  the  ground  surface  was  that  the  wells 
discharged  at  an  elevation  below  the  natural  ground  surface,  and  no  pond- 
ing occurred  in  the  outfall  ditch  which  conducts  the  well  flow  away  from 
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Fig.  D7»  Piezometer  gradients,  line  M,  1952 


the  levee.  When  the  wells  were  closed,  the  substratum  pressures  rose 
rapidly,  and  the  net  hydrostatic  pressure  in  the  substratum  was  between 
40  and  505^  H. 

29*  River  stages,  the  hydrostatic  pressure  along  the  line  of  wells 
when  closed,^  the  average  ground  surface  and  the  piezometric  surface  be- 
tween wells  for  spacings  of  50  and  100  ft,  and  the  elevation  of  the 
water  surface  in  the  collector  ditch  all  are  shown  for  certain  selected 
days  during  the  crest  of  the  1952  high  water  in  fig.  d8.  The  head  mid- 
way between  wells  along  the  system  as  shown  in  fig.  d8  was  plotted  in 
fig.  D9  for  well  spacings  of  50  and  lOO  ft.  The  observed  data  shown  in 
this  figure  were  corrected  for  well  losses. 

Seepage  control 

30.  The  efficacy  of  the  relief  well  system  in  controlling  seepage 
was  demonstrated  by  the  absence  of  sand  boils  and/or  excessive  seepage 
landward  of  the  well  installation  during  the  I951  and  1952  high-water 
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periods.  Again  it  should  be  noted 
that  the  efficiency  of  the  system 
is  increased  greatly  by  virtue  of 
the  landside  drainage  conditions 
and  because  the  wells  discharge 
at  6U1  elevation  somewhat  lower 
than  the  natural  ground  surface. 

A con^iarison  of  seepage  condi- 
tions both  upstream  and  downstream 
from  the  well  system  further  in- 
dicates the  ability  of  the  system 
to  control  seei>age.  The  follow- 
ing summary  of  seepage  conditions 
was  abstracted  from  field  notes 
taken  during  operation  of  the  veil 
system  in  the  two  high-water  periods. 

31.  !/hile  the  well  system  was  in  operation  with  wells  on  either 
50-  or  ICO-ft  centers  no  sand  boils  were  observed  in  the  drainage  ditch 
landward  of  the  levee  toe  adjacent  to  the  well  system;  however,  inspec- 
tion of  this  ditch  upstream  and  downstream  from  the  well  system  disclosed 
the  presence  of  several  pin  boils  in  the  bottom  of  the  ditch  for  distances 
of  about  ICCO  ft  upstream  and  downstream  from  the  ends  of  the  well  instal- 
lation. No  seep  water  was  observed  landward  of  the  well  system  when  it 
was  in  operation  but  seep  water  was  observed  standing  in  a field  6C0  to 
9CO  ft  landward  of  the  levee  toe  at  a point  alout  5C0  ft  downstream  from 
the  relief  well  system.  These  conditions  were  observed  for  river  stages 
from  about  5 to  31  ft  above  the  average  ground  surface. 

32.  Aftrr  the  river  crested  at  a stage  of  approximately  10,5  ft 
above  the  elevation  of  the  water  surface  in  the  landside  ditch  in  1952, 
all  relief  we’ Is  were  closed.  Numerous  sand  boils  became  active  in  the 
outfall  ditch  for  a distance  of  IICO  ft  landward  of  the  installation  and 
in  the  drainage  ditch  paralleling  and  landward  of  the  levee.  Seepage  into 
the  ditch  was  l8.2  gpm  per  ICO  ft  of  levee,  or  about  11. 5 times  that  which 
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Fig.  D9*  Heeid  midway  between  wells 
along  well  system 


had  occurred  immediately  before  when  the  wells  were  operating  on  ICC -ft 
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centers.  Upon  reopening  all  the  relief  wells  (with  H = about  9*3  ft) 
sand  boils  previously  noted  in  the  outfall  and  landside  drainage  ditches 
becaine  inactive  and  no  seepage  was  noted  along  the  sublevee  or  flowing 
into  the  drainage  ditch  landside  of  the  levee. 

33*  It  is  apparent  from  these  seepage  observations  that  the  well 
system  is  effective  in  controlling  sand  boils  and  seepage  landward  of 
the  well  system  for  the  stages  experienced.  The  piezometer  readings 
together  with  the  observations  made  during  the  1952  high  water  indicate 
that  the  well  system  not  only  reduced  the  substratum  pressures  but  also 
intercepted  a large  portion  of  the  natural  seepage  which  otherwise  would 
have  risen  to  the  surface  landward  of  the  levee. 

I 

34.  ScHue  seepage  eind  minor  sand  boils  must  be  expected  for  the 
project  flood;  but  if  the  system  is  maintained  in  good  operating  con- 
dition, underseepage  during  the  project  flood  should  create  no  problem 
along  the  reach  of  wells. 


